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© Novel carboxyalkyl peptides end thtoethers end ethers of peptides es entihypertensive agents. 

© Novel inhibitors of angiotensin converting enzyme are 
disclosed which have the general formula 
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(R^-C-X-ICHjU-C-C-N-C-C-R. 
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Wherein X - X. 0 or NR* R« end R, form with -N-C- e 4-« 
membered ring structure as described and the other R 
subsihuems are selected from e veriety of disclosed groups. 
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Angiotensin converting enzyme (peptidyldipeptide hydrolase, 

hereinafter referred t as ACE) occupies a central role in "the 

physiol gy of hypertensi n. The enzyme is capable of converting 

the "decapeptide angiotensin I, having the sequence 

AspArgValTyrll eHisProPheHisLeu 

to an octapeptide, angiotensin II, by removal of the carboxy- 

terminal HisL&u. The symbols for the above chemical moieties 

and others used throughout this application are explained in the 

following table. In each instance, the symbol for an emino acid 

is also used herein at times to refer to a mono or divalent 

radical of such acid, and those of ordinary skill in the art will 

readily understand the context of each specific use: 

Ala « alanine 
Arg « arginine 
Asp - aspartic acid 
Aze = szetidine 
Boc « t-butyloxycarbonyl 
Cbo ■ carbobenzyioxy 
Cys = cysteine 
<Glu « pyro-L- glutamic acid 
Glu - glutamic acid 
Gly « glycine 

Eip - Kippuric acid (Benzoyl-glycine) 

His « histidine 

- lie— iaolftucine 

Leu m leucine 

Lys - lysine 

net » methionine 

Orn m ornithine 

Phe » phenylalaine 

Pip - pipecclinic acid 
A Pro - proline 
^Pro » 3 ,4-dehydroproline 

Ser - serine 

Thr • threonine 

Thy - thyronine 

Tos - Tosyi 

Tr? - tryptophan 
. Tyr - tyrosine 

Val - valine 

Phc - phthaloyl 

ACE m Angiotensin converting enzyme 
Hepes - H-Z-hydroxyethylpiperazine-n'-Z- 
ethanesulfonic acid 
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Angi tensin I is £ rmed by the acti n f the enzyme renin, 
an endopeptidase found in kidney, ther tissues and- plasma, 
on a senra£* -2 globulin. 

Blood pressure is affected by certain peptides f und in the bl 
One of these, angiotensin II, is a powerful pressor (blood 
pressure elevating) agent. Another, bradykinin, a nonapeptide 
with the sequence ArgProFroGlyPheSerProPheArg is a powerful 
depressor (blood pressure lowering) agent. In addition to a 
direct pressor effect, angiotensin II stimulates release of 
aldosterone which tends to elevate blood pressure by causing 
retention of extracellular salt and fluids . Angiotensin II is 
found in measurable amount in the blood of normal humans. 
However, it is found at elevated concentrations in the blood of 
patients with renal hypertension. 

The level of ACE activity is ordinarily in excess, in both 
normal and hypertensive humans, of the amount needed to maintain 
observed levels of - angiotensin II. However, it has been found 
that significant blood pres stare lowering is achieved in hyper- 
tensive patients by treatment with ACE inhibitors. [Gcvras, I., 
et al, f New Engl, J, Med. 291. 817 (1974)]. 

ACE is e-peptidyldipeptide hydrolase. It catalyzes the 
hydrolysis of the penultimate peptide bond at the C-terminal end 
of a variety of acylated tripeptides and larger polypeptides 
having an unblocked ^-carboxyl group. The action of ACE results 
in hydrolycic cleavage of the penultimate peptide bond from the 
carboxyl-terminal end yielding as reaction products c dipeptide 
and a rennanr. 

The reactivity of the enzyme varies markedly depending on 
the substrate: At least one type of peptide bond, having the 
nirrn^en sullied bv oroline. is not hvdrolvzed at all. Thp 
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apparent Michaelis c nstant (Km) varies froa substrate co 
substrate over several orders f magnitude. For general 
discussion of the kinetic parameters of enzyme catalyzed 
r acti ns, see Lehninger, A., Bi chemistry . 2nd Ed. t Worth 
Publishers, Inc., New York, 1975, pp. 189-195. Many peptides 
which are called inhibitors of the enzymatic conversion of 
angiotensin I to angiotensin II are in fact substrates having a 
lower Km tftan angiotensin I. Such peptides are more properly 
termed competitive substrates. Examples of competitive sub*, 
strates include bradykinin, and the peptide BFF^ (also called 
SQ20475) from snake venom, whose sequence is <GluLysTrpAlaPro . 

Numerous . synthetic peptide derivatives have been shown to be 
ACE inhibitors by Ondetti, et al. in U.S. patent 3,832,337 
issued August 27, 1974. 

The role of ACE in the pathogenesis of hypertension has prompted 
a search for inhibitors of the enzyme that could act as anti- 
hypertensive drugs. See for example U.S. patents 3,891,616, 
3.947,575, 4,052,511 and 4,053,651. A highly effective inhititor, 
with high biological activity when orally administered, is D-3- 
methylpropanoyl-L-prolise, designated SQ14225, or "captopril" 
disclosed in U.S. patent 4,046,889 to Ondetti et al., issued 
September 6, 1977, and in scientific articles by Cushman, D.W. 
et al., Biochemistry 16 ,5484 (1977), and by Ondetti, M. et al., 
Science 196 ,441 (1977), The inhibitor SQ14225 reportedly has 
an I^Q value of 2.3 z 10"Sl. The I^q value reported by Cushman, 
et al., supra id the concentration of inhibitor required to 
produce 507. inhibition of the enzyme under a standard assay 
system containing substrate at a level substantially above K^. 
It will be understood that Ic n values are directly comparable 
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vhen all p tential factors affecting the reaction are kept 
c nstant. These factors include the source of enzyme, its 
purity, the substrate used and its concentration , and the 
composition of the assay buffer. All I^q data reported herein 
have. been performed with the same assay system and same enzyme 
(human urinary ACE) and the same level of 

substrate and are therefore internally consistent. Discrepencies 
with data obtained by other workers may be observed. Indeed 
such discrepancies do exist in the literature, for unknown reasons 
. See, for example, the I^q values for BPPg a reported by Cushman, 
D.V. , et al., Experientia 29 , 1032 (1973) and by Dorer, F.E., et 
al., Biochim.Biophys.Acta 429 , 220 (1976) . 

The mode of action of SQ14225 has* been based upon a model 

of the active site of ACE developed by analogy with the better 
known related enzyme, carboxypeptidase A. The active site was 

postulated to have a cationic site for binding the carboxyl end 

group of the substrate and a pocket or cleft capable of binding 

the side chain of the C- terminal amino acid and providing 

expecially tight binding for the heterocyclic ring of a terminal 

proline residue. A similar pocket for the penultimate amino acid 

residue was postulated, and the published data suggested a 

rather stringent steric requirement, since the D-form of the 

inhibitor was substantially more potent than its stereoisomer 

or the 3-methyl and unsubstituted analogs. The sulfhydryl group 

on the inhibitor, postulated to be bound at the active site near 

the catalytic center, was believed to play a central role in 

deactivation of the enzyme , by combining with the zinc moiety 

known to be essential for catalytic activity. Substituents on 
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the sulfhydryl, such as a methyl group 9 and an S-acetyl 
derivative, substantially reduced p tency f th inhibitor. 
See Cushman, D.W. f et al. , Bi chemistry , supra. 

In vitro study f th mechanism by which SQ14225 and 
its analogs act to inhibit ACE has been somewhat hampered 
by the instability of these molecules under ambient 
conditions. For example, it has been observed that a fresh 
aqueous solution of concentration, e.g., 1 mg per ml of. 
SQ14225 at a pH of about 8 becomes substantially less active 
upon standing for as little as. 30 minutes, and that activity 
continues to decrease as the solution stands for longer 
periods. It is. believed that this loss in activity is 
mainly the result of dimerization of SQ14225 occurring at 
the sulfhydryl end groups , whereby" a disulfide is formed 
which is largely inactive as an inhibitor. Since the free 
sulfhydryl group is highly reactive and may be readily 
oxidized to polar acidic moieties such as sulfone and 
sulfoxide groups, it may also be that the observed in 
vitro loss of activity — of aqueous solutions of SQ14225 on 
standing is in some part a consequence of one or more such 
oxidation reactions, with formation of a sulfone or sulfoxide 
which does not function effectively as an inhibitor for ACE. 

Such reports of SQ14225 clinical testing as are 
currently available, some of which refer to the compound 
under the name "Captopril 1 ' or "Capoten", suggest that the 
product is sufficiently stable in the normal gastric and 
intestinal environments of most patients to be an effective 
inhibitor for ACE when administered orally. It is not yet 
clear, however, whether there may be a group of patients for 
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vhich SQ14225 is substantially ineffective. Because of th 
high reactivity of the free sulfhydryl group, SQ14225 could 
readily form mixed disulfides with serum, cellular proteins, 
peptides or ther free sulfhydryl group-containing substances 
in the gastric or intestinal environments, in addition to the 
possibility for dimer formation or oxidative degradation 
reactions. A mixed disulfide with protein may be antigenic 
and, indeed, occasional allergic reactions hAve been clini- 
cally observed. See Gavfas, et al., New England J.Med . 298, 

991 (1978) . Disulfides and oxidative degradation products of 
SQ14225, if formed, may at best be expected to be largely 
ineffective as Inhibitors. It may be postulated accordingly 
that dose response to SQ14225 may vary with conditions of 
administration and among individual patients. Moreover, in 
at least some patients, unwanted side effects may occur and 
maintenance of an effective concentration of the inhibitor in 
the body may be difficult to control. 

Adverse effects of SQ14225 in man include fevers and 
rashes (Gavras et al., supra) . Hoorntje et al., The Lancet i, 
1212-1214 C1980) describe the performance of renal biopsies on 
13 patients treated vtih SQ14225. All biopsies thowcd evidence 
of immune complex deposition along the glomerular basement 
membranes, although 9 of 12 patients were asymptomatic at the 
time of the biopsy. These authors also discussed similarities 
of their findings with those induced by another drug with a 
free mercapto group, D-penicillamine. 

In an effort to devise inhibitors of angiotensin converting 
enzyme that are more stable than captopril and less likely to 
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or an analogous six-meabered ring and R^ must then be selected 
from any of groups (i) - (xxxi) above. 

E. When at least one of and Rg is not hydrogen, or 
vhen X is NR Q and Rg is methyl, R^ cay be as defined 

in B above, or nay be from any of groups (i) to (x) above, 
vhen R^ is as defined in C above. 

F. When R and R. together are any structure that is di- 

substituted or monosubstituted with a moiety other than -OH, 

or vhen R. and R c form any recited structure other than one 
4 5 

of 

r-, r'N A, A "A A 

-II CH-, - B CK-, -N Cn- , -11 CH-, -U CH- . -N CH 

\ > 

and -» CK, may be as defined in B or may be from any 

of groups (i) to (x) vhen R, is as defined in C above. 
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21 A compound according to claim 1 in vihj ch X is -KR9. 

3 # Ac mpound according to claim 1 in which X is NH. 

4. A compound according to claim 2 in which and fi^ 
are the same and are selected from gr ups (i) to (xxxi). 

5. A compound according to claim 2 in which R^ and R^ 
are different and each is selected from groups (i. ) to (xxxi). 

6. A compound according to claim 2 in which R^ is 
selected from groups (xi) to (xxxi) and Rj is as defined in 
patt B of claim 1 . 

7. A compound according to claim 1 in which R^ is 
selected from groups (i) to (xxxi) and R^ is as defined in 
part C of claim 1 . 

8. A compound according to claim 1 in which Rj is 
selected from any of groups (i ) - (xxxi) and R^ and R 2 form 
with -CH a lactone ring as set forth in part D of claim 1. 

9. g A compound according to claim 2 in which R^ and R^ 
and C-R^ form a proline moiety. 

1Q. A compound according to any of claims 1-9 for use in 
inhibiting angiotensin converting enzyme in a mammal. 
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- K — CH -. • « — CH -, - H CH -, - H CH 

- f - N— lo - H ^0 -H— - N L 

it being understood that any of these structures may be 
mono substituted vith -OH, -OCH^. ?. -0^0^ , -OCH^O^ , 

0 

-C-OY, Cl t Br. I. phenyl, hy dr oryphenyl . -SH, -SCH^, - S (o} , 
-SCHj^O^ , -HHCH 3 . -CH 2 NH 2f -CK 3f -CH 2 0H # propyl, guanidlno, nitro- 
guanidlno or thioguanidino one that the five er aix-membered 
rings may be disubstituted vith -OH, P, Cl f Br, I, OCH^, or any 
combination of two of these substituents ; * 

R 6 is NH 2 . -0M or -SM. vherein M nay be H, an alkyl group of 

1- 3 carbon atoms or any other ester moiety hydrolyzabie under 
maurnalian In vitro conditions to -OH. or an ionically bonded 
anion of a physiologically acceptable non-texic salt; 

R 7 is H 1 -CH 3- halooethyl, hydroxymethyl , audnomethyl or 
mercaptomethyl ; 

Rg is CH^-, amino, halomethyl, hydroxymethyl , amino- 
methyl, dlhalomethyl , trihelomethyl t mercaptomethyl, methoxy- 
methyl, methylthiomethyl , methoxycaxbonylmethyl , cyanomethyl. 1 
benzyl, acetoxymethyl, CH 2 - CH - CH 2 , isobutyl, mercaptoalkyl of 

2- 3 carbon atoms, hydroxyalkyl of 2-3 carbon atoms, ethyl, 
acetyl thioethyl, benzanido, acetemido, phthaloylaminoalkylene 
vherein the alkylene group has 1-4 .carbon atoms , alkoxycarbonyl 
isoalkylene vherein the alkyl group contains 1-6 carbons and the 
isoalkylene group contains 3-5 carbons, benzoyl amine, alkanoyl- 



(A) and are the same r diff reat and ar004$*}a5jgo£ 
(£) nono-N substituted alkylene of 2-4 carbons vheretn 
the H substituent is benz yl, Boe, Cbo, Tos, fonnyl or acetyl; 

(ii) hydroxyphenyl or hydroxyphenyl- (1-6C) -alkylene 
hydroxalkylene having 1-4 carbons, r thiol anal gs thereof, 

(iii) mercapt alkylene f 1-6 carbons; 

Civ) phenylalkylene wherein the alkylene group has 
1-6 carbons, Cj-C 5 straight or branched chain alkyl or phenyl, 

(v) phenyl thio alkylene, phenoxyalkvlene, benzyloxy- 

alkylene,/5enzylthioalkylene wherein the alkylene group has 
1-6 carbons ; 

(vi) alkylthioalkyiene wherein the alkyl and alkylene 
groups have 1-6 carbons; 

Cvii) alkoxyphenyl or alkoxybenzyl in which the alkoxy 
group has 1-6 carbons, phenoxyphenyl, phenoxybenzyl , benzyloxy- 
benzyl or benzyloxyphenyl or a thio ether analog of any of then; 

(viii) -(CH 2 ) n - CH - CH 3 wherein n-0-4andB-H 

OB 

or a 1-6 carbon alkyl group; -or an -SB analog thereof; 

CLx) (CH 2 ) p C00Z or (CH 2 ) p C0S2 wherein p • 0 - 3 and Z is H, 

phenyl; benzyl, a 1-6 carbon alkyl group, or an anion of a 

physiologically acceptable salt; 

<x) ~(CH 2 ) n - CH - CH 3 -or -<CH 2 ) n - CH - CH^ 

0 - C - 2 C - OZ 

0 o 



or 



-CCH 2 ) n - CH - CH 3 .or -(CH,) - CH - CH, 

I j J 

S-C-Z c-SZ 

0 o 

vherein n and Z each have the same significance as above- 

(xi) HO- CCH 2 ) n - CH - or HS - (CH 2 ) n - CH - vherein n - 0 - A. 
D is phenyl, thlenyl or a 1-3 carbon alkyl group; 
(xii) HO - (Gi 2 ) a - C (CH 3 ) 2 -.. HS - (CH 2 ) n - C (CH 3 > 2 
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(CH 2 ) n - C (CH 3 ) 2 - wherein n has the same significance as 
ab ve; 

(xiii) p - mercaptophenyl - CCH 2 ) n " ra 2 " r P-**ydroxyphenyl - 
(CH 2 ) n - CH 2 - wherein the phenyl ring has one or two nitr r 

.amiri substituents and n has the same significance as ab ve; 

c c 

(xiv) CH 3 (CH2) n - CH - or CHj ( c3 2) n - CH - wherein n has the 
sane significance as above; 

(xv) NH 2 - a Iky 1 en e or N0 2 - alky 1 en e containing one hydroxy or 
mercapto substituent and having 1-6 carbon atoms; 

(rvi) hydroxy- or mercapto-phenoxybenzyl; 

(xvii) ZO (CH 2 ) q - 2 - (CH 2 ) a ZS (CH^ - C - (CH 2 ) n 
NH 2 -(CH 2 ) q - C -^(CH 2 ) n N0 2 (CH 2 ) q - £ - (CH 2 ) n 

HONH - (CH 2 ) q - C - (CH 2 ) n -; NH 2 NH - (CH 2 ) q - £ - (CH 2 > n -; 

ZO - t (CH 2 ) - 2 - (CH 2 ) a .2s.?.. (CH ) _ t . (CH } - or 

0 0 2 * 2 n 

NHjCN - (CH 2 )„ - £ - (CK^n vherein q - 1 - 5 and z and n have 

the same significance as above; 

OH OH 

(xviii) ZO (CH 2 ) q - CH - (CH 2 ) n ZS (CH 2 ) q - CH - (CH 2 ) n 



HH 2 - (CH 2 ) q -CH..- (CH 2 ) n H0 2 - (CH 2 ) q - CH - <CH 2 ) n 

OH OH 
ZO - (CH 2 ) q - CH - (CH 2 ) n -, ZS - - (CH 2 ) q - CH - (CH 2 > n - 

HONH - (CH 2 ) q - CH - (CH 2 ) a HHjHH-CCH^ - CH - (CH 2 > n - 

or NH^jCNH-CCH^g-CH-CCHj)^ vherein Z, q and n all have the same 
significance as above; 

,)„-?- (CH-)„ -, G - NH (CHO - CH - 



(xlx) G - NH - (CH 2 ) q - C - (CH 2 ) n -, G - NH (CHj) 
(CH 2 ) n -. G - (CH 2 ) q - I - (CH 2 ) n -, C - (CH 2 ) q 



(CH 2 ) n fflj - C - (CH 2 ) q - C^(CH 2 ) n - HH 2 - C - (<S£ *\ 59 
0 o 

CH - (CH 2 ) n - 

herein C is an alkacyl or alkacyloxy group f 1 - 6 carbons, 
a benzoyl or benzoyloxy group, or a phenylalkacyl or phenyl - 
alkacyloxy group wherein the alkacyl or alkacyloxy group 
contains 2-6 carbons and q and n have the same significance 
as set forth above; - 

0 QH 
(xx) X - (CK 2 ) a - C - (CH 2 ) n - or K (CH 2 ) n - & - (CH 2 ) n - 

wherein n has the significance stated above and K is selected 
from carboxyphenyl. aainophenyl , nitrophenyl, halophenyl, • 
hydroxphenyl, alkylthiophenyl , alkylphenyl. mercaptophenyl . 
cyanophenyl, mercapto-carbonylphenyl, alkyl carbonylphenyl, alkyl- 
carbonyloxphenyl, hydrasinophenyl, ureidophenyl, alkyl carbonyl- 
aiainophenyl. alkylcarbonylthiophenyl. alkyloxyphenyl and 
.hydroxyaminophenyl, wherein all alkyl groups contain 1-6 carbon 
atoms ; 

Cxxi) L - (CH 2 ) n - ? - (CH 2 ) n - or L (CH 2 ) n - S - (CH 2 ) n - 
wherein n has the significance stated above and L is selected 
from cycloalkyl groups of 3 - 7 carbons which nay be unsubsti- 
tuted with up to two groups selected from among carboxy. amino, 
nitro, halo, hydroxy, oercapto. mercaptocarbonyl . hydroxyamino , 
alkyl, alkylcarbonyl, alkylcarbonyloxy. alkylthio, alkyl- 
carbonylaaino. alkyl carbonylthio, cyano, hydrazino. ureido and 
alkyloxy. wherein all alkyl groups contain 1-6 carbon atoms; 

(xxii) . guanidino alkylene. thioguanidinoalkylene, or nitro- 
guanidino alkylene in which the alkylene groups contain 1-6 
carbon atoms; 

(xxiii) ring substituted aryl groups in which the ring aub- 
stituents may be the same or different and may comprise up to 
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five per ring of any f the f llowing: - NH 2 , - OZ, -SZ. halogen. 
-CN t -N0 2 . -C00Z, -COSZ, CONHj, -NHNHj, alkyl, alkylcarbonyl, 
alkylcarbonyl xy, alkylcarbonylamin , hal alkyl, dihaloalkyl. 
trihalomethyl, hydroxyamino, alkylcarbonylthio, phenoxy, and 
benzyloxy vherein the alkyl groups contain 1-6 carbon atoms and 
Z has the same significance as above; 

(xxiv) amidoalkylene or alkylcprbonyl-aminoalkylene vherein the 
alkyl and alkylene groups contain 1-6 carbon atoms; 

(xxv) hydrcxyaminoalkylene of 1 - 6 carbons; 

(xxvi) vinyl and substituted vinyl groups in which the 
substituents may be alkyl, aryl, cycloalkyl or heterocyclic 
groups; 

(xxvii) unsubstituted heterocyclic groups selected from among 
phenothiazinyl, pyrrolidinyl, pyrrolyl, quinolinyl, imidazolyl, 
pyridyl, thyminyl, benzothiazinyl , indolyl, thienyl, purinyl, 
piperidinyl, morpbolinyl, azaindolyl, pyrazinyl, pyriiaidyl, 
piperonyl, piperazinyl, furanyl, thiazolyl and thiazolidinyl, 
cytosinyl, 

(xxviii) alkylene or alkenyl groups of 1 - 6 carbons substi- 
tuted with one of the heterocyclic rings from (xxvii) above; 

(xxix) groups from (xxvii) or (xxviii) above containing up to 

four ring substitutents on the heterocyclic ring selected from 

among -OZ, -SZ, -C00Z, -NGo, -NH 2 , -COSZ, halogen, haloalkyl, 

dihaloalkyl, trihalomethyl g cyano, C0NH 2# alkyl. alkylcarbonyl, 

alkylcarbonyloapr. alkylcarbonyl-amino, alkylcarbonyl thio, phenoxy, 
ii 

benzyloxy, -NHC-NH 2 . -NHNH 2 and HONH - wherein Z has the same 
significance as -above; 

(xxx) groups f rom . (xxvii) , (xxviii) or (xxix) attached to one 
valence of an etheric -0- or -S-, and 
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(xxxi) mono-, di- or tri-alkyl-, alkenyl- or phenyl-silyl or 
selenyl wherein the alkyl or alkenyl groups contain. 1 - 6 carbons. 

B. When is a group from among (xi) - (xxxi) above; Rj may 
also be any of H, 1 - 5 carbon straight or branched chain alkyl t 
phenyl, -OH, alkoxy of 1 - 5 carbons, benzyloxy, benzyloxyalkylene 
or phenoxyalkylene wherein the alkylene has 1-5 carbons, 
alkoxyalkylene having 1-5 carbons in the alkoxy and alkylene 
groups, aminoalkylene of 1 - 6 carbons, alkenyl of 1 - 6 carbons, j 
benzyl, hydroxyalkyl of 1 - 6 carbons, mercaptoalkyl of 1 j 
6 carbons, histidinyl, haloalkyl of 1 - 6 carbons, 4 - 

aminome thy 1 -benzyl , acetamidoalkyl of 1 - 5 carbons, benzyl- 
thiomethylene. or dimethylamiaoalkyl of 1 - 5 carbons. 

C. When Rj is a group from among (i) • (xxxi) above. may also 
be any of H, - C g straight or branched chain alkyl, phenyl, 
benzyl, unsubstituted aminoalkylene of 2 - 6 carbons, hydroxy- 
alkylene of 1 - 6 carbons, hydroxyphenyl , phenoxyalkylene or 
benzyloxyalkylene wherein the alkylene group has 1-6 carbons, 
cycloalkyl of 3 - 6 carbons, cycloalkyl methyl, 3 indolyl-, 
phenylethyl, methyl thioethyl, 3 indolyl alkyl wherein the alkyl 
group contains 1-5 carbons, imidazolyl, imidazolylalkyl 
wherein the alkyl group contains 1-5 carbons, phenoxymethy 1 , 
phenyl thiomethyl, 4-ami2iomethyl benzyl, . 2-aminophenethyl , 
napthylethyl,-4-halophenathyl, 3,4-dihalophenethyl or 
phenoxyphenethyl, or 

D. ^ and Rj together may form with -CH a lactone ring of the 
formula : 
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r an analog us six-meinbered ring and must then be a lected 
from any of groups (i) - (zrai) ab ve. 

E. When at least one f Rj and Rg is not hydr gen, or when X 
is NR g and Rj is methyl, R^ may be as defined in B above, or 
nay.be from any f groups (i) t (x) ab ve, when R^ is as 
defined in C above. 

F. When R^ and R^ together are any structure that is disubsti- 
tuted or monosubstituted with a moiety other than -OH, or when 
R^ and R^ form any recited structure other than of of ^ . 

i — i rx, rN r-^ 

-N CH-. -N TCH-, -N CH-, -N CH-, -N CH-, -N C 



CH 



and CH, R^-may be as defined in B or may be from any of 

groups (i) to (x) .when Rgis as defined in C above* 
In the general formula above, asterisks indicate possible 
asymmetric centers. These centers may be racemized or in any 
optically active form. The S-form is preferred, however. It 
has been noted that compounds wherein X - NRg, m - 0, and at 
least one of the carbons attached to the -N- of NRg exhibits 
asymmetry, are particularly effective ACE inhibitors. 

The inhibitors are useful as orally effective anti- 
hypertensive agents. - - 
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DETAILED DESCRIPTION OF THE IHVEHTION 
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The invention in its broad aspects include thioether, 
ether, or secondary amine confounds whihc contain at 1 ast 
one amino acid r reltaed structure. The andn acid er related 
structure is selected either groin the group conprising, 
proline, 3 , 4-dehydroproline, 3-hydroxyproline. 4-hydroxyproline , 

4- thioproline, thiazolidine-4-carboxylic acid, 4-keto-proline, 

5- keto-proline , pyroglutamic acid, pipecolinic acid ana 
azetidine-2-carboxylic acid wherein the carboacyl group of. 
the amino acid or related structure can be replaced by a 
-COSH group or the amino acid or related structure contains 
the sequence -N-<?H— cLfc g wherein the -N- and -fH - are part of 
a ring with R 4 an£°&*. The compounds of this ( ±l$ention are 
further characterized by the presence of at least one 
asymmetric carbon in the main chain shown by the general 
formula. In the most preferable form of compound according to 
this invention, at least one of and ^ is a relatively 
large and bulky group. 

The thioether compounds - of formula I can be produced by 
several methods -of synthesis. In the examples of synthesis 
which follow for the thioether as well as the ether and 
secondary amine compounds, proline will be utilized as the 
prototype amino acid moiety. It is to be understood that 
this is done for illustration purposes only and that the 
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unless noted otherwise. According to one. preferred method, 
the coxnpotmd R^COIOCOCM^^ ± fi reacted vith T^S^ to form the 

S 1 ^(SH)CC0C 2 H 5 . The ccapo'jnd CH 2 - JC&jjCOCl is reacted vith 

Pro to form CH 2 «C(R 3 )?-?ro. The tvo products of these reactions 
~7 

are reacted together to yield the compounds RjCCCOOC^H^S-C^- 

i 7 * *8 

C(R 3 )-C-Pro. Saponification removes the ethyl alcohol radical 

and forms the- corresponding salt. The free acid can be formed 
therefrom by acidification. In this method A?ro cannot be 
substituted for-rPro. 

In a second preferred method', the compound RjC(Br)C00H is 



-16- 
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reacted with is butylene in the presence of sulfuric acid to 
f nn the t-butyl ester of Rj£?Br)C00H. This compound is then 
reacted with l^CCOOH to form the pr duct 

R 8 t CH 2>m- SH R, 0 

R 1 C(COOC(CH 3 ) 3 )-S.(CH 2 ) iii -i(R 3 ).fioH. Next, the t-butyl ester of 
Pro is coupled to this product using conventional coupling . 
methods, such es the dicyclohexylcarhpjiiimide (DCC) method. 
Other coupling methods include the mixed anhydride, symmetrical 
anhydride, acid chloride, active ester, Woodward reagent X, 
of the like, methods. For a review of the coupling methods, 
see Methoden der Oreanischen Chemie (Eouben-Weyl) $ Vol. XV, 
part II, page 1 et seq. (1974). The product formed, 

h h 0 

R 1 C(C00C(ra 3 ) 3 )-S-(CH 2 ) in -C-(R 3 )-C-Pro t-butyl ester, is 

deprotected, i.e. the t-butyl ester groups are removed by 
conventional means such as treatment with trifluoroacetic 
acid (TFA) and anisole to produce the desired end product. For 
a review of other deprotecting methods see Methoden der 
Organisch en Chemie (Houben-Weyl) , Vol. XV, part I, page 376 
et seq. (1974). An alternative method is the reaction of 

R x ^(Br)C00H with HS-(CK 2 ) a -g(R 3 )-S-Pro to form the desired 

product. This alternative method will not work for Apro 

although the original method will. . R,C(Br) COOH can be 

$6 

prepared by reacting R^CCNH^COOH with HBr in the presence of 

HaN0 2 or with K3r in 2.SN H 2 S0 4 in the presence of NaN0 2 .to yield 
the desired product. 
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The ether comp iznds of f rmula I can als be prepared 
by several ther meth ds. According to one preferred method, the 
compound is reacted vith the diethyl ester of malonic acid to 

yield Rj-CHCCOOC^) 2 . This product is then reacted with 

bromine to produce I^-CCBr) (COOC^H^ 2# The Compound 

^ 

R3-C-COOH is coupled to an ester of" Pro using conventional 
^2^nT 0H 

coupling means. These two products are then reacted to form the 

compound R 1 CH(C00C 2 H 5 ) 2 -0-(CH 2 ) m -t(R 3 )-l!-Pro ester. The vari us 

ester groups are removed by conventional means and one carboxyl 

group is removed by acidification and heat to produce the 

desired product. By substituting lU-t-COOH for the IU-C-COOH and 

3 (& 2 > a -SH ^(& 2 ) m -0H 

following this procedure, the thioether compounds can be formed 
but this will not vork with £ Pro. 
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^.blocking **uup 
In still another method, the compound R^-C-OH Is reacted with 

.blocking group 

Br-(CH 2 ) m -J(R 3 )-COOH t-butyl ester to pr duce Rj jjCRj) -0- (CH 2 ) a - 

^(R^-COOH t-butyi ester. The ester is removed, the product 

reacted with Pro, and the blocking group is removed to yield a 
final product of the formula shown above. 

The secondary amine compounds of this invention wherein 

R q «H and X is NH "may be synthesized by the following method. 
8 

The compound R,2-C00H is coupled with thiophenol using the mixed 
1 0 0 

anhydride method to produce R^- S-CgH^. ThiB product is 

then reacted vith E^-CCH^-dci^-C-Pro to yield ^CHCfi-S-Cg^) - 
L? i 

NH- (C^jjf £ (Rj) -C-?ro . This compound is reacted with NaSH to 

0 h ° 

form R 1 -GH(C-SH)-NH-CCH 2 ) a -t(R 3 )-C-?ro. 

Compounds of this invention in which R^ and R 2 are bridged to 



form a lactone ring can be prepared using 2-halo-lactones, e.g. 

olact 
* ?5 



**-Br- 3^-valerolactone andd) -Br-^rbugy^ol^ctone . The ^-bromo 



group is reactive with HS-CCEj) -CH-CORg or those analogs 

in which an NHj-- or OH- group is substituted for the HS -group to 
form compounds in which X is -S-, -0- or -NH- in formula 1. 

Apro cannot be used in this procedure unless added as 
-N -CH-C0R 6 as a final step, i.e., after the CH-X bond has been 



formed. The -lactone ring can be opened, e.g., with a base such 
as Ba(0H) 2 to form the corresponding 2f -OH-l-carboxymethyl 
compounds. The hydroxy- group can be converted to a salt with 
sodium, potassium or an organic cation such as that from arginine 



- 20 - • 

Compounds f this inv ntiorr wherein XsNR^' nay be made 
in.yariouB ways. For example, an. koto carboxyli a id of 

P 
tt 

the gen ral .formula RjC-COOH may be coupled to Pro to give a 
0 0 

n tt X 

produce R^C-C-Pro using a conventional coupling .agent such as 
dicyclohexylcarbodiimide ("DCC") or diphenylphosphorylazide 
("DPPA"). Thus product, may in turn be coupled, in the pres- 
ence of a reducing agent -such as sodium "cyanoborohydride in 
aqueous solution with an organic solvent such as chloroform 
or dichloromethane, to a compound of the general formula 

fi 

R fi C-NHR 9 to give the desired compound. Alternatively, 
R 2 R 

R, C-C00H may first .be coupled with R D C -NHR- and the product 
^it o p y r 

0 R 2 

then coupled to Pro in a second coupling step. As those of 

ordinary skill in the art will readily understand, conventional 

blocking roups such as Boc, CbO, etc., may be introduced at 

appropriate stages to protect reactive groups, especially 

15 caxboxyl or ami do groups, and may be removed as desired. 

In another general method a suitable a keto carboxylic 

acid R 1 C-C00H is coupled to H 2 N-(CH 2 > n) -C-C00H and the product 

-*t:; *7 R. 

|3 

is then coupled to Pro or alternatively H_N(CH_) -C-C00H is 

z z m k • 

■ 7 

coupled to Pro and that product is coupled to 



10 



20 



0 

It 

R^C-COOH to give -an -end product of this invention. 



for 



Suitable compounds of the general formula R Q -C-NH. 

B 4 • * 

2 

use in making the compounds of the invention include, but are 
not limited to glutamic acid a-benzyl ester., glutamic acid o- 
ethyl ester, glutamic acid a-methyl ester, glutamic acid o-tert 
25 butyl 
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ester, aspacti -Of-benzyl ester, 2-amino-5-carb xy-indan-2- 
carboxylic acid, p-carb xyphenylalanine-i^ methyl ester , 

• -carb xy tyros ine-X-me thyl ester, 2-aoinonialonic acid methyl 

j 

[ ester, 2 aminoadipic acid-l-ethylester, 2 amino-pimelic acid-1 

• ethyl ester, 2-aminosuberic acid-1 ethyl ester, 2-amino azelaic 
acid-l-ethyl ester, 2-amino sebacic acid-1 ethyl ester, 

tert . leucine, 2-methylglutaiaic acid, oc-amino-^guanidino 
.butyric acid f c< - amino^-guanidinopropionic acid, ^-fluoropbenyl- 
alanine, ^-hydroxyvaline, if-oxalysine , V-bydroxy ornithine, N*^ 
hydroxylysine, £"-N methyl arginine, '^-hydroxy axginine, cancanin, 
j!5,5 •-dihyriroxyleucine, j^-carboxyaspartic acid, ^-fluoroaspartic 
'I acid, & -methylaspar tic acid, ^-methylene espartic acid, p- 
[amidino phenylalanine, p-guanidinophenylalanine, p-methyl- 
phenyl alanine, (2-ethoxy-5-nitro) phenyl-alanine, (2-hydroxy-5- 
nitro) phenylalanine, (4-mercapto) phenylalanine, 2-amino-2-indole- 
•acetic acid, 2-axaino-3-adainantyl-propionic acid, p -methylene 
norvaline , y-aiaino- 1 ^- (4 carboxythiazolyl) butyric acid, 3-chloro- 
glutaaic acid,^ -amioo-S-nitro-valeric acid, 4-azalysine] 
(2,4, 5- trihydroxyphenyl) alanine, (3 bromo-5-methoxypehnyl) 
jjalanine,^-(3,5 dimethyl-4 sethoxyphenyl) alanine, 3,5-di 
•J (ethylthio) -4- (4 ' hydroxyphenoxy) -phenylalanine, 3 , 5-di (ethyl- 

* thio) -4(3 ' -isopropyl-4 • -me t hcxyphenoxy ) phenylalanine , 
pyrrolyl-alanine, 2-aminc-4-pyrrolyl -butyric acid, 2-amino-5 
pyrrolyl-valeric acid,jg-(2 pyridyl) alanine, fi- (3 pyridyl) 

.•alanine, (6-amincpurin-9yl) alanine, )S-(4-a=iino-2-hydroxy- 
jpyrimidin-l-yl) alanine , & -(2 t 4-dihydroxy-5-methyl-pyriaidin-l- 
,71) alanine, f -(6-hydroxy-purin-9-yl)alanine,^-(6-dimethyl- 
amino-purin-9-yl) alanine, -(6-mercaptopurin-9-yl) alanine, 

# - (6-methylthiopurin-9-yl)alanine . 4-azatrvntonhan . 4-merhvl - 
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xo-l-pyridyl) lysine, S- (2-hydroxy-2-carboxye thane thioaethyl)- - 
cysteine, 2-anino-3-(6-thieno ii^lpyrroly^-propi nic acid. 
3, 3', 5, 5' tetramethyl thyronine. 5-hydroxy-^-lysine, 2-anin hex- 
4-ynoic acid, K^-hydroxy ornithine, 4-piperazinobut-2-ynoie acid, 
4-piperidinobut-2-ynoic acid. 4-pyrrolidinobut-2-ynoic acid, ' 
3<-amino-3t-nitroguanidinobutyric acid, o^asiino-^Cl-iinidazolyl) 
propionic acid, 4-nitrobistidine , 2-methyl-3 (2 ' ,4*-diiodo- 
5'-hydroxyphenyl) alanine, 4- (3' amino-2' ,4' ,6' -triiodophenyl) 
isovaline , 4- (3 ' acetamido-2 ' , 4 ' . 6 • -triiodophenyl) -isovaline , 

4- (3 ' -hydrdxy-2 * , 4 ' , 6 ' -.triiodophenyl) isovaline , 2-amino-4- 
thiosulfobutyric acid, S- (3 -aminopropyl) homocysteine, 

5- (cyclopentyl methyl) homocysteine, S-(eyclopentyl methyl) 
homocysteine, 5'-guanosylhomocysteine, & (cytosin-l-yl) - 
alanine, -S- [ (diphenyl-Dt-naphthyl)methylJ-L-cysteiae, -S- 

[ (diphenyl-jS-naphthyl)methyl] -L-cysteine , 2-amino-6- (methylthio) 
caproic acid,M* l? G -dimethyl-L-arginine, N' G -dimethyl-L- 
arginine , N* N^N^trimethyl-cT-hydroxy-L-lysine , H £ - (5-aaino-5- 
carboxypentyl) -5-hydroxy-L-lysine .<ff -dihydroxy-L-norleueine . 
cis-l-amino-1 , 3-dicarbosycyclohexane , trans-l-amino-1 ,3- 
dicarboacycyclohexane-,— 3 ? 3 ;4 , 4 , 4 , -pentafluoro-2-aminohuryric acid , 
3,3,4,4,5,5, 5-hep tafluoro-2-aminovaleric acid , c& -f luoro-D;i»- 
and L-allo-isoleucine, 2,6-diamino-4-hexynoic acid, 0- (cK-D- 
glucopyranosyl) -L-serine , 2-aaino-5 , 6-di hydroxyindan-2 -carboxylic 
acid , 3- (m-f luorophenyl) -2-ae thylalanine , 3- (m-bronophenyl) -2- 
methylalanine, 3-(ai-iodophenyl)-2-methylalaniae, 2-1 (a- • 
iodophenyl)nethyl] glycine, -4-(m-iodophenyl)-2-methyl-2-amino- 
butyric acid, *3. 5, 3* -tri-isopropyl-BL- thyronine. 3,5-dimethyl- ' 
3* -isopropyl- thyronine. 3,5-di-isopropyl-thyronine, 3,5-di- 
isopropyl-4' amino-thyronine, 3 , 5 , -di-isopropyl-3 ' -bromo- 
thyronine, 3,5-di-isopropyl-3'methyl-thyronine, 3,5-di-s-butyl- 
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thyronine t 3 , 5-di- s-butyl-4 9 -amino- thyronine , 3,5-di-s-butyl- 

3*-br mo- thyronine, S.S-di-s-butyl-S'-iodo-thyronine, 4-fluoro- 

tryptophan, 5-fluoro-tryptophan, 6-fluoro-trypt phan, >4-(5- 

hydroxy-6-iodo-2-pyridyl) -alanine, - (benzimidazol-5-yl) - 

alanine (2-andno-6-hydroxypurin-9-yl) -alanine , C2-aiaino-6- 

mereaptopnrin-g-yl) -alanine, N*- (5-Amino-6-chloro-4-pyrimidyl) 

lysine, -Amino- -(6-chlcfro-9-purinyl)caproic acid, 4-Fluoro-DL- 

histidine, S-Methyl-2-methyl-cysteina, S-Ethyl-2-methyl-cysteine, 

S-Propyl-2-methyl-cysteine, S-Isopropyl-2-methyl-cysteine, S- 

Butyl-2-methyl-cysteine, S-Isobutyl-2-methyl-cysteine, S-t- 

Butyl-2-methyl-eysteine, S-Amyl-2-methyl-cysteine, S-Isoamyl-2- 

aethyl-cysteine, S-Allyl-2-methyl-cysteine t S- (^-Amino ethyl) 

homocysteine, ^ jX % - trihydroxy- leucine, N € -(indole-3 -acetyl) - 

lysine, p-hydroxymethylphenylalanine O-ethylhomoserine, 5- 

methyl-2-aminohex-4-enoic acid, (3-hydroxyphenyl) glycine, 

(3 , 5-dihydroxyphenyl) glycine , &- (cyclohexa-1 , 4-dienyl) alanine , 

y^-cyclohex-l-enyl) -alanine, ^-(l-hydrbxycyclohexyl) -alanine, 

4-bromoacetyl -phenylalanine , 4-brosoacetamido -phenylalanine , 

3-chloroacetamido-phenylalanine, 4-fluoro-3-chloroacetamido- 

phenylalanine, 3,4,5-tri-iodo-phenylalanine, 3\5-di-isopropyl- 

3 • -iodo-thyronine, jS- (4-methoxy-l-** aphthyl) -0^-methylalanine , 

(4-hydroxy-l-naphthyl) - >cz& thy 1 al anine , tfr (2-indanyl).glycine , 

j^-trimethylsilyl-alanine , ^-esino-^- (pa thylamino) propionic acid , 

H H" -bis (2-cyanoethyl) -lysine , K 9 *-dimethylnorleucine , 
*- 

methyl-l^N* -diethylornithine, <*-ethyl-3,4-dimethoxy-phenylalanine, 
c^-methyl-4-morpholino-phenylalanine , C2-amino-4-pyrimidinyl) 
alanine , /3- (2-amino-4-pyrimidinyl) alanine , 3- C2 -Methyl -4 , 5- 
dihydroxyphenyl) -alanine , 3- (2-Ethyl-4 , 5-dihydroxyphenyl) - 
alanine, 3-(2-Isopropyl-4,5-dihydroxyphenyl)-alanine, 3-(2-t- 
Butyl-4 , 5-dihydroxyphenyl) -alanine, 3- (2 , 5-Dimethoxy-4-methyl- 
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phenyl )-alanine , 3-EHiyl-- , o>4wtlTyr- , tyrolili* t - 2-a«ino'-3 ,3- 
dimethylhex-5-enoic- acia, 2-*ndnohexa-4,5-dienoi'c acid, 2- 
araino-3,3-dim thylhexa-4; f 5~di noic acid, 2-'aBinohepta-4,5- 
dienoic acid, 2-amino-3,3-dimethylriona-4,5-dienoie acid, 2- 
aminohepta-5,6-dijBnoic acid, 2-amino-3-methylhepta-5,6-dienoic 
acid, 2-amino-5-t-butyl-6,6-dimethylheda-3,4-dienoic acid, 
2-amino-5-methylhepta-3,4Sdienoic acid, 2-aminahept-4'-en-6- 
ynoic acid, e-hydroxy-B-carboxy-noTleucine, p-carboxy-^lysine, 
B-(3 ,4-dihydroxypbenyl )r-a-methyl -serine,* S-benzyl-ft^-di methyl- . 
homocyst ei ne , S-benzyl -o , Jitf-tri meth yl -homocysteine , B-methyl - 
methionone, d-methyl-selenomethionine, B-methyl -selenomethio- • 
nine, a-methyl -selenomethionine, ^,^-difluoro-valine, £ 
difluoro-leucioB,^ -fluoro-allothreonine, B-hydroxy-asparagine, 
a-hydroxy-isoleucine, a-methox.y-isoleucine, a-amino-^Uethyl- 
amino)butyric acid, a-amino-B-(ethylamino)propionic acid,3-Iso- 
propyl-o-methyl-tyrosine, 3-t-Butyl-e-methyl -tyrosine, 2-Amino- . 
5-hydroxy-indan-2-carboxylic acid, 2-Amino-5-roethoxy-indan-2- 
carboxylic acid, 2-Amino-5-carboxy-i.ndan-2-carboxylic acid, 

2- Amino-5-chloro-indan-2-carboxylic acid, 2-Amino-5-bro«no- 
indan-2-carboxylic acid, 2-Amino-5-iodo-indan-2-carboxylic acid, 

3- (2,4-Difluorophenyl)-alanine, 3-(3 ,4-Difluorophenyl -alanine, 
3-(3,5-Difluorophenyl)-alanine, 3r(2,5-Difluorophenyl}-elanine,- 
3-(2,6-(Difluorophenylklanine, 3-(.2,3 ,5,6-Tetrafluorophenyl)- 
alanine, 3-(3,5-J)ichioro-2,4,6-trifluorophenyl)*alanine, 3-»(2,3, 
4,5,6-PentaflttoropnenyD-alanina, B-(1 ,2-0ihydro-2-qxo-3- 
pyridyD-alanine, fi-(1 ,2-Dihydro-2-oxo-4-pyridyl)-alanine, 
B;-(1,2-Dihydro-2~oxo-5-]yridyl)-alenine, B-1 ,2-Dihydro-2-qxo- ; 
6 pyrydil) -alanine, R-(2-Fluoro-3-pyridyl)-alanine, B-(2- 
Fluoro-5-pyridyl)-alanine, R-(2-Fluoro-6-pyridyl)-Alanine, B- . 
(2-Bromo— 3-]yridyl) 7 alanine, ff-<2-Bromo-4-pyridyl)'-alanine, B- 
(2-Bromo-5-]yridyl) -alanine, ft*-(2-Bromo-6-]yridyl)-alanine, 
B>(2-Chloro-3-pyridyl ) -alanine, B_-(2-Chloro-4-pyradyl )-alanine, 
B- ( 2-Chl oro -5-p yri dyl ) -al ani ne , R- (2-Chloro-6-p yridyl ) -al a - 
nine, "B-tThymin- . 
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It is further contemplated that 

^ 

Rg C NHRg nay be 

■2 

selected from among any of the known amino acids or esters or 
primary amides thereof in which, when is any of CH^, NH^- 
(CH 2 ) 3 , NH 2 (CH 2 ) 4 -. CH 3 S(CH2) 2 - f benzyl, p-hydroxybenzyl, 3.4- 

S 4?\ 

dimethoxybenzyl , CE^OC- (CHj)^ or CE 2 , Rg is selected 

from among CH^, (CH 3 ) 2 CHCHj-, PhtNCCHj)^, CHj-CH-CH^-, benzyl-, 

0 

nitrilomethylene- , CHj-O-C-CHj-, CB^OC^-, CH^SCE^-, CH2F-, CHF 2 - 

O 

CF 3 -, CH 2 C1-. CT 2 Br-, PhtN(CH 2 ) 2 ) , CH 3 C-S(CH 2 ) 3 . HSCCH^-, or 

(CH,), CH-CB- 

3 2 / 

C-0 

I 

OC 2 H5 

There are also known aminoacids, and esters or primary amides 
thereof in which when Rg is hydroxymethyl, may be methyl, 
ethyl, isopropyl, isobutyl, phenyl, benzyl or methyl thioethyl. 
It .is contemplated that reactants of the general formula 

C - C - NHRj wherein 



TL^ ifl COOR may be utilized in lieu of 

^ 



R D -C-NHR„ in the coupling reaction with 
I 
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R-C-C-OH r Irs coupling px duct already described. 
0 0 

In such cases, R & 

C - C-HHRg 

may be, e.g. dehydroalanine, oc,£ -dehydrophenylalanine, 
vinylglycine or a known compound in which R ft and R^ are both 
methyl or ethyl or & a "*s phenyl or a substituted phenyl group 
such as 3,4 d fmethoxyphenyl and R^ is methyl. In this instance 
various functional groups such as halo, hydroxy or inercapto 
groups and their methylene analogs, may later be added to one 
or both carbons of the unsaturated bond via well -known and 
conventional. organic chemical procedures. 

Many suitable variations in Rg-C-KHj will readily occur 

to those of ordinary skill in the art. 

It is to be understood that Rg-C-NHRg, including any of those 

specifically named, may be used as NHjCCI^) -C-C00H in processes 

herein disclosed when *Rg is H and R2 is COOH. In such cases, 
becomes R^, and Rg becomes ?^ and c-0. 

0 0 
Compounds R^C-COCB or RjC-COOR used in any of the 

procedures disclosed herein may be selected from known keto 

carboxylic acids, including but not limited to 

pyruvic acid, 

phenylpyruvic acid. 
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3- cycl hexyl-2- xopr pionic acid, 
6~methyl-2-oxoheptan ic acid, 

4- methyl-l-oxopentanoic acid, 

2- oxobutyric acid, 

3- methyl-2- xobutyric acid, 
2-oxoglutaric acid, . 
2-oxoadipic acid, 
2-oxo-4-phenylbutyric acid, 

4- (3-indolyl) -2-oxobutyric acid, 
N-acetyla2ninoethyl-2-oro-4-phenylbutyrate # 
dimethyl aminoe thyl -2-oxo -4-phenylbutyrate , 
2-oxo-5-sethyihexanoate, 
phenoxypyruvic acid, 

phenyl thiopyruvic acid, 

4-p-chlorophenyl-2-oxobutyrate , 

indole-3-pyruvic acid, 

2-oxo-3-p-cyanophenylpropionate , 
4-<tf-naphthyl-2-oxobutyrate 
4-(3 t 4,-dichlorophenyl)-2-oxo-butyrate, or 

2-oxo-4-p-phenoxyphenylbutyric acid and others readily 
apparent to those of ordinary skill in the art. 

Another versatile method for synthesizing the compounds 
of this invention having a carbonyl or hydroxy substituent on 
or side chains involves the use of a dlasomcthyl inter- 
mediate. See for example, Aldrichimica Acta 3C4), 9.Q.970), 
an article available cn request from Aldrich Chemical Co . , 
Milwaukee, Wisconsin 53233, afid Boyer, J.H. et al Chem . Rev , 
S4, 1-57(1954). Typically a carboxylic acid is reacted with 
diazomethane via a mixed anhydride reaction: 



o 
•t 



o 

tl 



R-C-OH 




* R-C-CHj-N. 
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The product is then reacted with an acid such as HBr or HC1, 
in a s lvent such as ethyl acetate, to form an ^ -halome thy 1 - 
ketone, 

R-C-CR 2 -Br 

This product can then be reacted with an equivalent o£ 
diethylformamidomalonate, then decarboxylated in aqueous HC1 to 
form derivatives of 2-amino-4" keto carboxylic acid, that is 

o H 

compounds of the formula R-C-CHj-^COOH • 

Such compounds of. the general formula can then be coupled with 

\ 3?, fifis 2 

compounds of the general formula O-C-C-N-CH-C-Rg in the presence 

of a reducing agent such as sodium cyanoborohydride to form 

-|-C00H 



compounds of this invention. Alternatively, RC-GHj 



o HH 2 



can be coupled with R.-C~C00H to form 



to 

I* 2 h 

Hlj-NH-C-COOH 
COOH 

which In turn may be coupled with Pro in the presence of DCC or 
DPPA to form compounds of this invention. 

The diazomethyl intermediate can be formed with virtually 

o 
it 

any carboxylated organic compound, e.g., R-C-OH can be a 
difunctional amino acid, a trifunctional amino acid, any 
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dicarb xylic acid r any earboxylic acid. Appropriate pro- 

tecting groups cay be used as n eded. Hydroxy derivatives are 
synthesized by conventional reduction of rresp riding keto 
anal gs. 

* This type of reaction is especially useful when & 
signifies a HOOC-C^-. HOCHj- or HSCHj-. it is contemplated in 
such instances that the named functional groups may be further 
reacted to form esters, thioesters, - ethers , "reverse" e6ters or 
thioesters, amides or -"reverse" amides and the like. 

The compounds of this invention have one or more asyzsnetric 
carbons as indicated by the asterisks in the general formula. 
The compounds accordingly exis.t in stereo'isomeric forms or in 
racemic mixtures thereof. All of these are within the scope 
of the invention. The above described synthesis can utilize 
a racemate or one of the enantiomers as starting material* 
When the raceaic starting material is used in the synthetic 
procedure or. a racemic mixture results from the synthesis, 
the stereoisomers obtained in the product can be separated by 
conventional chromatographic or .fractional crystallization 
methods. In general, the S^- isomer with respect to the carbon 
bearing constitutes the preferred isomeric form. Also' the 
S- isomer with respect to the carbon bearing is preferred, 
as is the S- isomer of the carbon bearing F^. 

The corpounds of this Invention form basic salts with 
various inorganic . and organic bases which are also within the 
scope of the invention. Such salts include ammonium salts, 
alkali metal salts like sodium and potassium salts (which are 
preferred), alkaline earth metal salts like the calcium and 
magnesium salts, salts with organic bases, e.g., dicyclohexyl- 
amine, benzathine, N-methyl-D-glucamine, procaine salts. 



0048159 

salts with amino acids like arginine, lysine and the like. 
Tti non- toxic, physi 1 gically acceptable salts are preferred. 

The salts are f rmed in conventional manner by reacting 
the free acid f rm f the pr duct with ne r more quivalents 
of the appropriate base providing the desired cation in a 
solvent or medium in which the salt is insoluble, or in water 
and removing the water by freeze drying. By neutralizing the 
salt with an insoluble acid like a cation exchange resin in 
the hydrogen form (e.g., polystyrene sulfonic acid resin like 
Dowex 50) or with aqueous acid and extraction with an organic 
solvent, e.g., ethyl acetate, dichloromethane or the like, 
the free acid form can be obtained, and, if desired, another 
salt formed. 

Additional experimental details are found in the examples 
which are preferred embodiments and also serve as models for 
the preparation of other members of the group. 

The compounds of this invention inhibit the conversion ,of 
the decapeptide angiotensin I to angiotensin II and therefore 
are useful in .reducing or relieving angiotensin related 
hypertension. The action of the enzyme* renin on angiotensinogen , 
a pseudoglobulin in blood plasma, produces angiotensin I. 
Angiotensin I is converted by angiotensin converting enzyme 
(ACE) to angiotensin II. The latter is an active pressor 
substance which has been implicated as the causative agent in 
various forms of hypertension in various mammalian species, e.g., 
rats and dogs. The compounds of this invention intervene in 
the angiotensin . fre** 1 ^) y angiotensin I < ACE >> angiotensin II 
sequence by inhibiting angiotensin converting enzyme and reducing 
or eliminating the formation of the pressor substance 
angiotensin II. Thus by the administration of a composition 
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including their physiol gically acceptable salts, angi tens in- 
dependent hyper t ens i n In the speci s f mamnal suffering 
therefrom is alleviated. A single dose, r in some cases up to 
two t four divided daily doses, pr vided on a basis f 
about 0.03 to 20 xng. per kilogram per day. is appropriate to 
reduce blood pressure* The substance is preferably administers 
orally, but parenteral routes such as subcutaneous, intramuscuL 
intravenous or intraperitoneal can also be employed . 

The compounds of this invention can be utilized to achieve 
the reduction of blood pressure by formulating them in 
compositions such as tablets, capsults or elixirs for oral 
administration .or in sterile solutions or suspensions for 
parenteral administration. About 10 to 500 mg. of a compound 
or mixture -of compounds of formula I, including the physiologi- 
cally acceptable vehicle, carrier, excipient, binder, preserva- 
tive, stabilizer, flavor, etc., in a unit dosage form as called 
for by accepted pharmaceutical practice. The amount of active 
substance In these compositions or preparations is such that 
a suitable dosage in the range indicated is obtained. 

Illustrative of the adjuvants which may be incorporated 
in tablets, capsules and the like are the following: a binder 
such as gum tragacanth, acacia, corn starch or gelatin; an 
excipient such as dicalcium phosphate; a disintegrating agent 
such as com starch, potato starch, alginic acid and the like; 
a lubricant such as magnesium stearate; a sweetening agent suet 
as sucrose,- lactose or saccharin; a flavoring agent such as 
peppermint, oil of wintergreen or cherry. Vhen the dosage 
unit form is a capsule, it may contain in addition to material* 
of the above type a liquid carrier such as a fatty oil. 
Various other materials may be present as coatings or to. 
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Instance, t&blets nay be c ated wtih shellac, sugar r both* 
A syrup or elixir nay contain the active compound, sucrose as 
a sweetening agent, nethyl and propyl parabens as preservatives, 
a dye and a flavoring such as cherry or range flavor. 
Antioxidants nay also be added. Suitable antioxidants are 
^-tocopherol nicotinate, vitamin A, C, E and analogs of vitamin 
Z known in the art, re.tinal palmitate and other antioxidants 
known in the art as food additives such as the gallates. 

Sterile .compositions for injection can be formulated 
according to conventional pharmaceutical practice by dissolving 
or suspending the active substance in a vehicle such as 
water, a naturally occurring vegetable oil like sesame oil, 
coconut oil, peanut oil, cottonseed oil, etc., or a synthetic 
fatty vehicle like ethyl oleate or the like. Buffers 
preservatives, and the like can be incorporated as required. 

The present invention will be further described by the 
following examples. All temperatures are in degrees Celsius 
unless otherwise indicated. Molar equivalents of the reactants 
are usually utilized. 
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Synthesis of N- (l-carboxy-3-keto-5-phenylpentvl) -Ala-L- 
thlazolldlne-2-carboxylic add 

A. Hydrocinnanic add, AO^Ajaoles , In ethyl acetate is 
reacted at -30 *C with diazoaethane via the mixed anhydride 
reaction to yield l-diazo-2-keto-4-phenylbutane. The latter 
compound is converted to the desired product on reaction with 
HBr in ethyl acetate, and the product l-bromo-2-keto-4 
phenylbuizane is isolated by fractional crystallization. 

B. The product of Step A, 10^ moles, in ethanol is reacted 
with die thy If orm ami dcaalonate , 10 ^ moles , in the presence of KI, 
10 moles v and sodium ethoxide, 10^ moles, at reflux temp for 
10 hours. The resultant compound is decarboxylated in 6N HC1. 
The product, the HC1 salt of 2 amino-4-keto-6 phenylhexanoic 
acid, is isolated by crystallization from I^O/ethanol. 

C. The product of -Step B, 20 moles, in ethanol/ 1^0 
containing molecular sieves and 2 equivalents of NaHCO^, is 
reacted with 200 moles of pyruvoyl-L-thiazolidine-4- 
carboxylic acid in the presence of 22 moles of sodium 
cyanoborohydride for 24 hrs, at room temperature* The desired 
product , N- (l-carboxy-3-keto-phenyl-5pentyl) -Ala-L- thiazolidine- 
4-carboxylic acid, is obtained by conventional chromatography. 

Example 2 

Synthesis of N-(l-carbox^-l*mathyl-3-ketO"5-phenyl-pentyl)-Ala- 
L-thiazolldine-4-carboxyllc acid 

A. Hydrochloride solution of the methylester of 2-amino-4- 
keto-phenyl hexanoic acid, from Step B, Example 1, 30 /mols and 
6.36 g. (60 m. mols) of freshly distilled benzaldehyde in 
20 m. of methylene chloride is cooled to 0°C. and there is 
b lowly added a solution of 3.03 g. (30 m. mols) of triethyl 
amine in 7 ml. of methylene chloride. The reaction mixture is 
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allowed to stand overnight at r oa tcssperature with stirring. 
After removal £ the s lvent, the residue Is taken up in ethyl 
acetate. The oil is washed with water and saturated s dimi 
chloride and then dried over magnesium sulfate and concentrated 
to give the i&ethylester of 2-(bsnzylidene amino) -4-keto- 
6-phenyl-hexanoic acid. 

B. To a solution of Jithium diisopropyl aside (20 m. 
mols) in tetrahydrofuran, cooled to -73 *C. and magnetically 
stirred under a blanket of nitrogen, is added a solution 

of 18 m. mols of the methylester of the product of Step A 
hereof in 30 ml. of tetrahydrofuran. At the end of the 
addition t the cooling bath Is replaced by a warm water bath. 
When the temperature of the reaction mixture reaches 40*C. 
the nitrogen inlay is replaced by an expandable ballon. 
The reaction mixture is then saturated with iodosethane 
by passing a rapid stream of iodomethane through the solution 
while the temperature is maintained between 40° and 50°C. 
After the micture is slurried for one hour under a freon 
atmosphere, the mixture is quenched with brine and extracted 
with ether to give- -the-me thy lester of 2 methyl-2-(benzylidene 
amino) -4-keto-6 phenyl acid. 

C. A mixture of the product of Step B in 10 ml. of 
ether and 55 ml. of~2K aquesus EC1 is vigorously stirred 
at room temperature for three hours. The aqueous phase 
is decanted, washed -with ether and concentrated in vacuo. 
The crystalline residue .is washed with methanol and ether 
to give the methylster of 2 - amino-4-ke t o -2 -methyl - 6-phenyl 
hexanoic acid. 
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- 3£-- 
Exaanles 3-5 

Exasaple 1 is repeated several tines, substituting for 

pyruvoyl-L-thiaz lidine -4-carb xylic acid in step C an acid 

as shown in c leas A. The pr duct ie analogous to that of 

Example 1 but has the group shown in colutm B: 

Example . A B ^ 

3 3 -pheny lpyruvoyl-L- r — y 

thiazolidine-4-Carboxylic acid /' M-O^- 

4 -keto-4-ph-nylbutyryl-L- V^-CH^CH,- 

thiazolidine-4-carboxylic acid \=/ 2 2 

5 -keto-glutaryl-L-thiazolidine- HOOC-CH-CH* 

4-carboxylic acid 2 2 

Examples 6-8 

Example 2 is repeated several times, substituting for 

pyruvoyl-L-thiazolidine-4-carboxylic acid in Step B the acids 

of Examples 3-5. Each of the products differs from the 

analogous product of Exaaples 3 -5 respectively in that R B - 

8 

methyl in each of them. 

Exaaples 9 - 102 

Example 1 is repeated a number of times, substituting for 

Exaaple 1 is repeated a number of times, substituting for 

pryuvoyl-L-thiazolidine-4-carboxylic acid in Step C an acid as 

shown in Column A. The product in each instance contains the 
0 

CH 2 -C-(CH 2 ) 2 ^> 
H-C— N— CH- C- 



COOH CH 3 0 



-35- 
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-2>t 



of Example 1, but t is moiety is as shown in 



gr up 
c lumn B: 

Ex. No. A 
9 - pyruvoyl-L-Pro ^ 

10 - pyruvoyl-L- Glu 

11 - pyruvoyi-4-fceto-L-Pro 

12 - pyruvoyl-3-keto-L-Pro 

13 - pyruvoyl-4 hydroxy-L-Pro 
1A - pyruvoyl 3 hydroxy-L-?ro 



B 



-N CH-C00H 



-S— CH- 

•N CH-I 

rr 

N 1 

OK 
N ( 



COOK 



COOH 



-N CH-COOH 

OK 



-N CH-COOH 

■ Oft 

-S CH-COOH 



I I 



15 - pyruvoyl-L-azetidine-2-carboxylic -N CH-COOH 

acid 



16 - pyruvoyl-L-pipecoliric acid 

17 - pyruvoyl -A -me thoxy-L-?r o 

18 - pyruvoyl-4-bromo-L-Pro 

19 - pyruvoyl-3-methoxy-L-Pro 



-N CH-COOH 

-H — -CH-COOH 

-R CH-COOH 

• K — CH-COOH 
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Ex. Mo. 



A 



-2? 



20 - pyruv yl-4-brooo-L-Pro 



21 - pyruvoyl-3-fluoro-L-Pro 



22 - pyruvoyl-5-fluoro-L-Pro 



23 - pyruvoyl-S-izethoxy-L-Pro 



24 - pynrvoyl-5-hydro:cy-L-?ro 



25 - pyruvoyl-5-iodo-L-Pro 



26 - pyruvoyl-5-bromo-L-Pro 



27 - pyruvoyl-5-chloro-L-Pro 



28 - pyruvoyl-4-chloro-L-Pro 



29 - pymvoyl-4-fluoro-L-Pro 



30 - pyruvoyl-4-iodo-L-Pro 



31 - pynxvoyl-3-chloro-L-Pro 



32 - pyruvoyl-3-fluoro-L-Pro 



33 - pyruvoyl-3-iodo-L-Pro 



-H CH-C00H 



-H CH- 

-H — CH- 



COOH 



COOH 



-N CH-COOH 

-N — CH-COOH 
-N — CH-COOH 



-N — CH- 



COOH 



-H — CH-COOH 
-N — CH-C0CH1 

A -COOH 

-N — CH-COOH 

-N CH-COOH 

-N — CH-COOH 
-N CH-COOH 
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34 - pyruvoyl-3-hyar xyZ.Glu -H — CH-COOH 

35 - pyruvoyl-3 , 4-dihydroxy-L-Pro -N — CH-COOH 

36 - pyruv yl-3 , 5-dif luoro-L-Pr -H — CH-COOH 
. 37 - pyruvoyl-3 , 4-diodo-L-Pro -H — CH-COOH 

38 - pyruvoyl-4,5-dichloro-L-Pro -N — CH-COOH 

39 - pyruvoyl-3-ehloro-4-fercni0-L-?ro -N — CH-COOH 

40 - pyruvoyl-3, 5-dibromo-L-?ro -N CH-COOH 



41 - pyruvoyl-3-f luoro-5-hydroxy-L-?ro -N — CH-COOH 



L-?ro -N — CH-C 



42 - pyruvoyl-3 -chloro-4-hydroxy-L-Pro -N — CH-COOH 

. v 

43 - pyruvoyl-4-mercapto-L-?rd -N — CH-COOH 

44 - pyruvoyl-3-thio-L-Pro -N — CH-COOH 



45 - pyruvoyl-3- thioxo-L-Pro -H — CH-COOH 

if 

46 - pyruvoyl-4-thioxo-L-Pro -N — CH-COOH 

47 - pyruvoyl-5-thio-L-Pro -H — CH-COOH 

48 - pyrovoyl-5-thioxo-L-Pro -N — CH-COOH 

if 
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-39 



50 - pyruv yl-N — CH-COOH 

51 - pyruvoyl-N— CH-COOH 

A — 

52 - pyruvoyl-N — CH-COOH 

53 - pyruvoyl-K — CE-COOH 
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O 

-N CH-COOH 

-H— CH-COOH 



L-N— CH-C 



I 54 - pymvoyl-N — tH-COOH 

55 - pyruvoyl-3-carboxy-L-?ro 

56 - pyruvoyl -4 -phenyl thio -L-Pro 



-H— CH-COOH 
-N— CH-COOH 

9 

-H — CH-COOH 
-N — CH-COOH 
-N — CH-COOH 



57 - pyruvoyl-5-hydroxyphenyl-L-Pro -N — CH-COOH 



58 - pyruvoyl-3-phenoxy-L-Pro -H — CH-COOH 

59 - pyruvoyl-5-benzyloxy-L-?ro -H — CH-COOH 

60 - pyruvoyl-3-nethylthio-5-lcsto-L-Pro -N — CH-COOH 

--NH-C-NH~ 

61 - pyruvoyl-4-guanidino-L-?ro 



62 - pyruvoy 1-3 - aminome thyl-L- 
pipecolinic acid 



63 - pyruvoyl-4-nethylthio-L-* 
pipecolinic acid 



-Cl 



NH 
CH-COOH 



COOH 



--N — CH-COOH 
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Ex. Ho. j± g 

64 - pyruv y 1 - 3 -me thy 1 amino - L-Pr o -N — CH-COOH 

65- pynivoyl-5-phenyl-L-Pro -N — CH-COOH 

66 - pyruvoyl-4-propyl-L-Pro -N — CH-COOH 

67 - pyruvoyl-3-sethyl-L-Pro -H — CH-COOH 

68 - pyruvoyl-4-methylene-L-Pro . -N — CH-COOH 

69 - pyruvoyl-3-benzyloxy-4-keto-L-Pro -N — CH-COOH 

70 - pyruvoyl-4-benzylthio-3-keto-L-Pro -N — CH-COOH 

71 - pyravoyl-5-acetoxy -N — CH-COOH 

L-Pro 

& ft 

72 - pyiruvoyl-3 , 4-dihydr oxy~L- -H — CH-COOH 

azetidine-2-carboxylic acid 

erf - 

73 pyruvoyl-3-hydroxy-L-as<»tidine-2- -S — CH-COOH 

carboxylic acid 

" 4 . — i 

74 - pyruvoyl-4-hydroxy-L-azetidine-2- -N — CH-COOH 

carboxylic acid 

4 

75 - pymvoyl-3-cethoxy-L-szetldine-2- -N — CH-COOH 

carboxylic acid 

/ c<s°l — I 

76 - pyruvoyl-4-aethoxy-L-azetidine-2- -H — CH-COOH 

carboxylic acid 



77 - pyruvoyl-3 ,4-dimeth xy-L- 

azetidine-2-carb xylic acid 
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-H— CH- 



-C00H 



78 - pyruvoyl-3-chloro-L-azetidine-2- -N CH-COOH 

carboxylic acid 

f\ \&* 

79 - pyruvoyl-3- chloro-4-fltioro-L- -N — CH-COOH 

azetidine-2- carboxylic acid 

fr—f 

80 - pyruvoyl-3, 4-difluoro-L-azetidine -N — CH-COOH 
carboxylic acid 



81 - pyruvoy 1 - 3 -bromo - 4- chloro-L- 

azetidine-2- carboxylic acid 



82 - pyruvoyl-3-hydroxy-4-iodo-L- 
azetidine carboxylic acid 



83 - pyruvoyl-3-iodo-4-bromo-L- 

azetidine-2- carboxylic acid 



84 - pyruvoyl-3-chloro-4-iodo-L- 

azetidlne-2- carboxylic acid 



-N — CH-COOH 



-N CH-COOH 



-N — CH-COOH 



-N — CH-COOH 



-N — CH-COOH 
-H — CH-COOH 



-H 



85 - pyruvoyl-3. 4 dirluoro-Pip 

86 - pyruvoyl-4,5 dichloro-?ip 

87 - pyruvoyl-5,6 diiodo-Pin 

88 - pyruvoyl-3 t 5 dibromo-Pio 

89 - pyruvoyl-4-ehloro-6-fluoro-Pip -N — CH-COOH 



-N — CH-COOH 
-N CH-COOH 
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91 - Pyruvoyl-5-f luoro-6-methoxy-Pip 

92 - pyruvoyl-4-phenoxy-Pip 

93 - pyzuvoyl-4,5-dihydroxy-Pro 

94 - pyruvoyl-3 , 5-dIhydroxy-?ro 

95 - pyruvoyl-3 ,4- dims thoxy -Pro 

96 - pyruvoyl-3-iodo-5-methoxy-Pro ' 

97 - pyruvoyl-3-methoxy-5-bromQ-Pro 

98 - pyruvoyl-4-methoxy-5 chloro-Pro 

99 - pyruvoyl-5-nercapto-Pip 

100 - pyruvoyl-6-mercapto-Pip 

101 - pyruvoyl-4-mercapto-Fip 

102 - pyruvoyl-3-oercapto-Pip 



B 



N-CH-COOH 

\-CH-C00H 

-N-CHCO0H 

-N-CHCOOH 

-N-CHCOOH 

-N-CHCOOH 

-N-CHCOOH 
OCJ*3 

-N-CHCOOH 




-N-CHCOOH 



-N-CHCOOH 

9tt 

< > 

N-CHCOOH 



-N-CHCOOH 
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Examples 103-196 



Examples 9-102 ar each repeated using each f the 

phenylpyruv yl anal gs of each of the pyruvoyl comp uads used 

In Examples 9-102. In each instance a comp und is btained 

vherein R* 
I X H PS 
Rg-C-N-(CH 2 ) ffi -C-C corresponds to 

.0 *2 V 

CH 2 -C-XCH 2 ) 2 -<g> RR 

HC — N — CH— C- and the -K-CH -C-R. 
COOH C3^j(0> 

moiety is the B moiety of the example being repeated. 
Examples 193-290 
Examples 9-102 are again each repeated using each of the 
2-keto-4 phenylbutyryl analogs of the pyruvoyl compounds of 
Examples 9-102. In each instance a compound is obtained 

flH h?> 

wherein Rg-C-N-(CH 2 ) m -C-C- corresponds to 

s ** * 7 

CH^C-CC^)-© g R 4 R 5 g 

HC HH CH C- and the -H — CH — CR^ 

COOH < CB 2>2^) 

moiety is the B moiety of the particular example repeated. 
Exatples 291-384 
Examples 9-102 are each again repeated, replacing the 
pyruvoyl compounds of Examples 9-102 vith their respective 

°C-keto glutaryl analogs. In each instance the compound obtained 

o 

CH 2 -C-CCH 2 ) 2 -<5>^ 

contains the structure HC HH CH C- 

COOH (CH 2 ^ C-0H 
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and the -N CH X C-JRg moi ty c rrcsp nding t B f the 

repeated example. 

Example 385 

Treatment of any of the intermediate products from 
Step B of Examples 9-384 according t Example 2 pr duces the 
1- methyl derivatives of each of the final products of 
Examples 9-384 respectively. 

Examples 386-410 

Example 1 is repeated a number of times, substituting 
for hydrocinnamic acid each of the acids from Column A below, 
yield a product of the general formula 

HC NH CH C N CHCOOE 

I 

COOH 

wherein is in each case as shown in Column B. 

Ex. Column A 

386 benzoic acid 

387 p-hydroxybenzoic acid 
. 388 p-methoxybenzoic acid 

389 o-hydroxybenzoic acid 

390 p- f luor obenzo ic acid 

391 m-bromobenzoic acid 

392 m-bromophenylacetic acid 

393 2-phenylprcpanoic acid 
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C luan A _ Colusi B 

acetic acid -CHj-C-C^ 

propanoic acid "^2*£ CHj CH^ 

o 



butyric acid -CH 2 -C-(CH 2 ) 2 CH 3 

o 

isobutyric acid -CH 2 ~C-CH-££B 3 ) 2 



ti 
o 



pentanoic acid -CH^C-CG^^ CH^ 

o . 

isopentanoic acid . -CHj-C-CHj CH-CCH 3 > 2 



it 
o 



2 aminoacetic acid -CHj-C-C^NHj 

o 

3 arainopropanoic acid -CE-j-C-C^ CH 2 NH 2 



it 
o 



3-hydroxypropanoic acid -CH 2 -C-CH 2 CH 2 OH 

o 

cyclopentanecarbozylic acid "^2"$;"^^ 

o 

cyclohsxanecarboxylic acid -CI^-C-^ } 



CH~ 
/ 3 



3 , 3-dimethylaaiso^ropanoic -CH~-C-CH 0 CH-N 

acid * ■ 0 ^3 



3-methylthiopropanoic acid -CH 2 -C-CH 2 -CR 2 SCH 3 

o 

3-ethylthiopropanoic acid •CH 2 -C-(CH 2 ) 2 -S-CH 2 CH 3 
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Ex. Coluzan A - Column B 



408 



409 



410 



phenoxya ctic acid -CHj-C-CHj-O-^^^ 
benzyl xyacetic acid -CH-C-C^OC^-^o"^ 
phenyl amino ac e t ic acid -d^-C-d^NH-^Q^ 



Any -amino group- containing diamino acid may be used in 
Step B if an appropriate protecting group-e.g. ( Boc or Cbo is 
first reacted therewith. In such a case, the amino group formed 
in Step B of the procedure must be reprotected prior to reaction 

^ ho *4 ?5 o 

\ It ) I ft 

" C— C— N CH — C — IU as in Step C. 

Procedures for deprotection of NIL^ groups, well known in the 
art, can be used after Step C. 

In addition, any of the pyruvoyl, phenypyruvoy 1 , -ke t o - 4 - 
phenylbutyryl or glutaryl compounds of Examples 3-5 and 9-385 
may be substituted for pyruvoyl-thiazolidine-2-carboxylic acid 
in each of Examples 386-410. 

Example 411 

Synthesis of H-(l-carboxv-2-b&ngylthio-2, 2-dimethvl-ethyl)- 

ol-me thy 1 - Ala -L-Pro- ami de 

3.2 g. of powdered nolecular sieves are added to a solution 

of 5 mmoles of 3-benzylthio-3 v 3-dimethylpyruvic acid and 1 mmole 
©C-methyl-alanyl-L-proline amide in. 10 ml of ethanol.and 5 mmoles 
of KaHCO^ In water. The misture is stirred for 30 minutes, and 
then 130 sg. of sodium cyanoborohydride in 2 ml of ethanol 
is added dropwise with stirring over 4 hours. 

* ru ~ — 4 " -+*'*~r-£*A rwiofri<f oKt- Tfco TTtnl Anil ar 
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sieves are removed by filtration. Solvent is removed under 
vacuum and the product is dried over HaOB and PjO^ pellets in a 
vacuum desiccat r. The named compound is' btained in pure f ro 
by conventional chromatography. 

Example 412 

Synthesis of K-(L-l^ethoxycarbonyl-2-p-benr7loxphenethvl)-Ala- 
L-Pro-methyl ester 

The HC1 salt of* O-benzyl-L-tyrosine methyl ester (2 cznols) 
in 7 ml of absolute ethanol plus 0.25 ml of water was mixed 
with 2 mmols of NaHCO^* To this solution vas added 10 inaols of 
N-pyruvoyl-L-proline methyl ester plus 3.2 g- of powdered 
molecular sieves. The mixture was stirred for 30 minutes and 
then sodium cyanoborohydride 9 130 mg. in 2.5 ml of absolute 
ethanol, was added dropwise, with stirring, over a period of 4 
hours at roam temperature. The mixture was stirred overnight. 
The molecular sieves were removed by filtration and the 
precipitate was washed with a small amount of ethanol. * The 
solvent from the combined filtrates was removed under reduced 

pressure to yield an oil. Part (0.38 g.) of the crude product 

I 

was purified by partition chromatography (1.2 x 98 cm. column) 
with Sephadex G-25 equilibrated butanol/acetic acid/H^OCA: 1:5 
by volume). The product (277 mg.) was eluted with upper phase. 
The recovered material was further purified on Sephedcx LH-20 
(2.2 x 100 cm. column), equilibrated and developed with 
tetrahydrofuran/isopropanol (3:7 by vol.). 

Example 413 

Synthesis of (L-l-carboxy-2-p-benzyloxvnhenethyl) -Ala-L-Pro 

The product of Example 412, 330 mg., was saponified in 
1.5 ml. of 1 M KOH in methanol at room temperature for 1 hour. 
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The crude product was purified by partiti n chromatography as 
described in Example 412 (Sephadex G-25 step) . The partially 
purified product was btained in apparently pure form by 
chromatography on Dowex 50W-X8 (1.2 x 48 cm. column) eluted with 
27» pyridine. 

Example 414 

Synthesis of M-q-l-carboxy~2-p-hydroxyphenylethyl)- 

Ala-L-Pro ^ 

The product of Example 413, 10 mg. in 1.0 ml. methanol, 
was hydrogenated for 5 hours at room temperature with hydrogen 
gas at 10 psi and with 10 mg. of 101 palladium on carbon as 
catalyst. The catalyst was removed by filtration, and solvent 
was removed with a rotary -evaporator. The material was further 
purified by chromatography on Sephadex G-10 (1.2 x 99 cm.), 
equilibrated and developed with 21 pyridine. The desired 
product was obtained in a yield of 5.8 mg. 

Example 415 

Synthesis of M>[L-l-carboxy2-(p-hydroxy-3-iodo»phenyl) - 

ethyl! -Ala-L-Pro 

To a 12 x 75 mm. polypropylene tube was added 2.2 mmols 
of lodogen (Pierce Chemical Co.) in a 1.0 ml of dichlorome thane . 
As the tube- was rotated, the solvent was removed with a stream 
of dry nitrogen. The product of Example 414, 1.02 mg. , and 
sodium iodide, 37 micrograms, were dissolved in 1 ml. of 0.05 
M sodium phosphate buffer, pH 7,4, and the solution was trans- 
ferred to the polypropylene tube. The tube and its contents 
were left in an ice bath for 10 minutes with occasional mixing. 
The solution containing the desired product was then transferred 
to a 12 x 75 mm. glass culture tube. 
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Alternatively, the named compound on be btained by 
substituting 3-iod -L- tyrosine methyl ester for O-benzyl-L- 
tyr sine methyl ster in the pr cedur f Example 412. The 
dimethyl esters f the resulting product are removed by 
saponification in 1 M KOH in methanol at room temperature for 

1 hour. The named compound is obtained by chromatography over 
a column of Sephadex G-10 equilibrated and developed with 2Z 
pyridine. The dry povder is obtained by lyophilization. 

.Sssaole 416 

Synthesis of N-(l-carboxY-2-hydroxy-2-phenYlethyl)-Tyr-4- 
hydroxy-L-Ero-t-butvl ester 

3.2 g . of powdered molecular sieves are added to a solution 
of 2 nznols of -phenylxevine and 10 mmols of N-(2-oxo-3-pr 
hydroxyphenylpyruvoyl)-L-4-hydroxy-Pro-t-butyl ester in 7 ml. of 
absolute ethanol with 2 naols NaHCO^ water. The mixture is 
stirred for 0*5 hours. Sodium cyanoborohydride, 130 mg. in 

2 ml. of absolute ethanol, is added dropwise with stirring over 

8 hours. The mixture is stirred overnight. The molecular 

sieves are removed by filtration and are washed with ethanol. 

The solvent is removed under reduced pressure. The residue is 

triturated with diethyl ether at 0°C. , and the product is 

dried 

collected by filtration. The product is -dire* over KaOH and 
PjOj in a vacuum desiccator. The named compound is obtained by 
conventional chromatography. 

Example 417 

Synthesis of (l-carboxy-2-hvdroxy-2-phenethvl) -Tvr-L-Pro 

The product of Example 416 is dissolved in 3 ml. of 
anhydrous trifluoroacetic acid. After 30 minutes at room 
temperature f the solvent is removed to yield the named compound 
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Example 418 - & m 
Synthesis of K-(l-eth xycarbonyl-2-hydr xy- 2 -phenyl ethyl)- 
Tyr-L-?r -t-butyl ester 

By substituting the ethyl ester of & phenylserine for 
/S phenylserine in Example 416. the named compound is obtained. 

Example 419 

-r* Synthesis of K-(l-ethoxycarbonyl-2-hydroxy-2-phenethyl)- 
Tyr-L-Pro 

The product of Example 418 is dissolved in anhydrous 
trifluoroacetic acid at room temperature. After 30 minutes rhe 
trif luorcacetic acid is removed with a rotary evaporator under 
high vacua ro yield the named compound. 

Example 420 

Synthesis of N-(l-carboxy-2-hydroxy-2-phenylethyl)- 
Tyr-L-Pro- 1 -butyl ester 

The product of Example 418 is dissolved in 3 ml. of 0.5 K 
NaOH in ethanol. After 1 hour at room temperature, the solution 
is neutralized, and the named compound is recovered by 
.conventional chromatography. 

Exazsple 421 

Synthesis of N- (L-l-gthoxycarbonyl-2-hydroxy butyl) -Trp- 
pQ-nethyl-L-rro-t-butyl ester 

^-hydroxy -L-norvaline-of-ethyl ester, 2 mmols, is dissolved 
in a solution of 10 rzrois of N- (3-indole-pyruvoyl) -c<-methyl-L- 
proline-t-butyl ester in 10 ml. of absolute ethanol. Powdered 
molecular sieves 3.2 g., are added with stirring. After 30 - 
minutes, 130 mg. of sodium cyanoborohydride in 2.5 ml. of 
absolute ethanol is added drop wise over a period of 4 hours. 
The mixture is stirred at room temperature overnight. The 
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filtrate is removed by evap ration under high vacuum. The 

desired compound is obtained by conventional chromatography. 

Example 422 

Synthesis of H-(I-l-ethoxycarbonyl-2-hydroxybutyl)- 
Trp-PC-oethyl-L-Pro 

The product of Example 421 is treated with anhydrous HF 
In the presence of anisole to yield the cased compound. 

Example 423 ^ 

Synthesis of N- (L-l-carboxy-2-hydroxybutyl) -Trp-g<- 
methyl-L-?ro 

The product of Example 422 is saponified in 1 M KOH in 
methanol under argon for 1 hour to yield the named compound. 

Example 424 

Synthesis of N-(l-carboxy-2-mercapto-2,2-dimethylethyll-c < 
-methyl -Ala-L-Pro-amide 

The product NCl-carboxy-2-bensylthio-2,*2-dimethylethyl)-oC 
-methyl Ala-L-?ro-amide obtained in Exanple 411 is treated with 
anhydrous EF in the presence of anisole to yield the named 
compound. 

Example 425 

Synthesis of K-(l-math7l-l-phenylthiocarbonyl-m-nitro-p- 
hydroxy-phenyl ethyl) -M -3oc-Lys-L-2,3- A-Pro-t-butyl ester 

By substituting N-(H -3oc-amino-af-oxohexanoyl)-2 t 3-dehydro- 
L-proline-t-butyl ester # and 1 -me thyl-3-nitro-L- tyrosine^- thio- 
penyl ester as reactants in the procedure of Example 416; the 
named compound is obtained. 

Example 426 

Synthesis of N-q-methyl-l-l-thiocarbonvl-p-nitro-»- 
hydroxyphenyl-ethyl)-» -Boc-Lys-2 , 3^id-L-Pro-t-butyl ester 

The product of Example 425 is treated with NaSH to yield ! 
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Exartbltf 42T 

• Synthesis or y-M-VethVl-l ^thlocatboxy->W >nltYo^p> 
hvdyoyV>phan Y lethvl^ V8-V-Pr 

The produ t of Example 426 ia iaaolved in anhydroua 
trifluoroacetic acid in the pr sence of aniaola and all wed 
to stand for 30 minutes, to yield the named compound. 

Example' 428 ; 
Synthesis of N-(1 -reethvl^^Phenylthi'oc'arbonyl^m- 
. nitfro-p-hydrofryphenyl-e^fr^^^ ' 
proline' * 

The product of Example 425 ia treated with trifluoro- 
acetic acid as in Example 427 to yield the desired compound. 

Example 429 

Synthesis of N-d-carboxy-l-tnethyl-m-nitro-p- . 

h ydroxvphewyl-etitvl-r-tau ^(r-t-lrtftyr >s^er)-3-h ydroxy-' 

L -p r oil n e - 1 - bu ty 1 -est e V " 

Through the procedure of Example 416, a-methyl-m-nitro-L 
tyrosine is reacted with N-(5-Boc-amino-2-o*xoglutaryl 7-3- * 
hydroxy-L-proline diphenyl methyl ester to yield the named 

compound. 

Example 430 

Synthesi s of N-( 1 -carboxy-1 -methyl -ro- a mi'no-p- • 
hydroxyphenylethyl-Clu(y-f-butyl "ester )-3'-hydroxy- 
L-proline'-t^butyl' ester " 
The product of Example 429 in ethanol is hydrogenated, using 
1055 palladium. on charcoal as catalyst, in hydrogen at 30 psi 
for 3 hours. The catalylst* J.s removed by filtration, and 
solvent is removed under reduced pressure to yield the named 
compound. 

Example' 431 *. 

Synthesis-or tf-(T-carboyy-1 -Methyl -to-amin'o-D- ' 
hydroxy-^henylethylO-GlU^-hVdroxy-L-^ro' .* 
The. product of Example 430 is dissolved in anhydrous 
trifluoroacetic acid. After 30 minutes at Toom temperature, 
solvent is stripped to yield the named compound. 
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Example 432 - 5*3 - 

Synthesis f N- (1-carboxy-l-methyl-m-nitr -p-hydroxy- 
phenylethyl)-Glu-3-hydroxy-L-Pro 

The product of Example 429 is diss lved in anhydrous 
j trifluoroacetic acid. After 30 minutes at room temperature, 
trifluoroacetic acid is removed under high vacuum to yield the 
desired product. 

Example 433 

Synthesis of N-(l-carboxy-2,2.2-tximethvlethyl WO- 
benzyl)-Tyr-2-fluoro-L-Pro ethyl ester 

By reacting L-tri-leucine with benzyloxyphenylpyruvoyl-2- 
• fluoro-L-?ro ethyl ester according to the procedure of 
Example 416, the desired compound is obtained. 

Example 434 

Synthesis of W-(l-carboxy-2,2,2-tri3aethylethyl)-Tyr-2- 
fluoro-L-Pro ethyl ester 

The product of Example 433 is hydrogenated with 10Z 
palladium on charcoal as catalyst and with hydrogen at 15 psi 
for 3 hours. The catalyst is removed by filtration to yield 
the named compound. 

Example 435 

Synthesis of N- Cl-carboxv-2.2,2-trimethylethvl)-0>benzyl- 
Tyr^2-fluoro-L-Pro 

The product of Exanpl* 433 is saponified to yield the 
desired compound. 

Example 436 

Synthesis of N- ( 1 - car boxy- 2 . 2 . 2 - tr ime thy 1 ethyl)- Tvr -2- 
fluoro-L-Pro 

The product of Example 434 is saponified to yield the 
named compound. 
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% „, 
Example 437 

s^thesls f N-a-ethoxvcarb nvl-3-ph envlpr pyl)-DL-Ala- 

pvr glutamic acid 

A. L-pyroglutamie acid (35 mmols) is suspended in a 
mixture of 35 ml. of propylene oxide and 210 ml. f dry ace- 
tonitrile at room temperature for 15 minutes. Pyruvic acid 
chloride (36.8 mmols) is added and the reaction mixture is 
stirred for about 12 hours. The mixture is then chilled in an 
ice bath and slowly treated vith 35 ml. of 1 N HC1 and stirred 
for 5 minutes. Acetonitrile is then removed in vacuo and the 
.resulting residue -is dissolved in 500 ml. of ethyl acetate. 
The organic phase is washed several times with 50 ml. portions 
of water and then with saturated NaCl solution. The product 
is dried over anhydrous MgS0 4 and then any residual solvent is 
removed in a rotary evaporator. The resulting product is 
H-pyruvoyl-L-<Glu . 

B. A solution of L-hcsnophenylalanine ethyl ester 
(10 mmols) , N-pyruvoyl-L-pyroglutamic acid (50 mmols) in a 
-.mixture of 20 ml. of water and 50 ml. of . p-dioxane is prepared. 
'(The pH is adjusted to 6.5 -with NaOH and 1.9 g. of sodium 
Uyanoborohydride is added. The mixture is stirred at room 
temperature for several days. 

This solution is then charged to a Dowex 50W - 8ft. 
.column prepared with 50Z p-dioxane and water. The material is 
washed with 50% p-dioxane-water and then with water, and eluted 
•.with 27. pyridine in water. The product fractions are combined and 
[ concentrated to dryness in vacuo to yield the named product. 
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Example 438 

Synthesis of N-(2-keto-4-ben2ylffiercaptobutanoyl)-5- 

thioxo-L-pr line diphenyl -methyl ester 

To a solution f 1.6 snols mmols of 5-thio-L-proline 
diphenylmethyl ester in 10 ml. of methylene chloride cooled in 
an ice bath under a blanket of nitrogen is added 1.56 mmols of 
triethylamine acid followed by a solution of 1.62 naaols 
of 4-benzylmercaptobutanoyl chloride in 12 ml. of methylene' 
chloride over a ten minute period. The reaction mixture is 
stirred at <4°C overnight. The reaction mixture is then mixed 
with 100 mi. of ethyl acetate and washed with 20 ml. of 10Z 
potassium sulfate twice and then followed by water, saturated 
sodium bicarbonate and saturated NaCl. The organic phase is 
then dried over anhydrous HgSO^ and filtered. The solvent is 
removed with a rotary evaporator to yield the named product. 

Example 439 

Synthesis of N-(l-butogycarbonyl-3-phenylpropvl)-D .L-S- 
benzyl-homocysteinyl-S-thio-L-proline diphenyl methyl ester 

L-homophenylalanine-t-butyl ester (5 mmols) and N-( -keto- 
4 -benzyl-mercaptobutanoy$-5-thio-L-proline diphenyl methyl 
ester are dissolved at roca temperature under nitrogen in 20 ml. 
of ethanol with vigorous stirring. Thereupon 8.0 g. of molecular 
sieves are added and the irixrure is stirred at room temperature 
for 30 minutes, followed by the addition of 0.325 g. of sodium 
cyanoborohydride in 7.5 ml. of ethanol over a period of -4 
hours. The reaction mixture is further stirred at room tempera- 
ture overnight. The molecular sieves are then removed by 
filtration and the solvent is removed in a rotary evaporator. 
The product is then purified with Sephadex LH-20 on a column 
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and eluted vich tetrahydrofuran/isopr panol (3:7) t yield 
the named pr duct. 

Example 440 

Synthesis of K-(L-l-carboxy-3-phenylpropyl)-D.L-benzyl- 
homocysteinyl-5-thio-L-proline 

A solution of 1.0 ssols of the product of Example 439 
and 1.5 ml.- of anisole in 10 ml. of methylene chloride is cooled 
in an ice bath under nitrogen and treated with 5 ml. of trifluoro 
acetic acid. The reaction mixture is kept at ice bath tempera- 
ture for 1 1/2 hours. It is then concentrated in vacuo and the 
crude product is dried in a vacuum desiccator over ?2°5 anci KOfi 
overnight , whereupon the desired product is obtained. 

Example 441 

Synthesis of H- (L-l-carboxy-3-phenylpropyl)-D.1> 
homo cy s t e iny 1 - 5 - th io -L- Pr o 

The product of Example 440 (0.5 mmols) in 1 ml. of anisole 
and 5 ml. of anhydrous 1IF is stirred at 0 # C for one hour. The 
HF and anisole are removed under vacuum, and the product is 
dried in a vacuum desiccator in the presence of KOH and ?2°5 # 
The named product is recovered. 

" Example 442 

Synthesis of N-(l-»carboxy-3«-phenylpropyl)-D.L-Ala-5- 
oxo-L-Pro 

The synthesis of Example 437 is repeated using L-homo- 
phenylalanine t -butyl ester instead of L-hoxnophenylalanine 
ethyl ester. The product is N-(L-l-t-butyloxycarbonyl-3- 
phenylpropyl)-D,L-Ala-pyroglutamic acid. This product is then 
subjected to the action of trifluoroacetic acid at room 
temperature to convert it to the named compound. 
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Example 463 

Synthesis of N-(3-(3-indolyl)-2- x butvr vl)-L-4- 
benzyloxy-L-Pro-t-butyl ester 

A s luti n of 4-(3-ind lyl)-2-ox butyric acid (10 mmols) 
in 20 ml. of tetrahydrofuran is cooled to -25 *C. 10 mmols of 
N-ethyl morpholine in 2 ml. of methylene chloride is then added 
and this is followed by the addition of 10 mmols of isobutyl 
chloroformate in 3 ml. of methylene chloride. The mixture is 
stirred at 20°C for 15 minutes. A saturated solution of 10 
nmols of L-4-benzyloxy-L-proline t-butyl ester in 5 ml. of 
methylene chloride is added and the reaction mixture is stirred 
i at -15 °C for 2 hours and then at roam temperature for another 
2 hours. The reaction mixture is then taken up in 50 ml. of 
ethyl acetate and vashed until neutral. The organic phase -is 
dried over anhydrous MgSO^ and filtered. The solvent is removed 
with a rotary evaporator to yield the named compound. 

Example 444 

Synthesis of N-(L-l-ethoxycarbonyl-3-phenvlpropyl)-D,L- 
homo- tryptophanyl-L-4-benzyloxyproline-t-butyl ester 

The procedure of Example 439 is repeated, substituting for 
L-hcmophenylalanine-t-butyl ester the compound L-homophcnyl- 
alanyl ethyl ester and substituting for N-(2-keto-4-benzyl- 
mercaptobutyl) -5-thioproline diphenyl methyl ester the compound 
N-4- (3-indolyl) -2-oxobutyrcyI-l-4-benzyloxy-L-proline-t-butyl 
ester , to obtain the named compound. 

Example 445 

Synthesis of N-(L-l-ethoxvcarbonyl-3-phenylpropvl)-D,L- 
homotryptophanyl-L-4-benzyloxyproline 

N- (L-l-ethoxycarbonyl-3-phenyipropyl) -D ,L-hoao- trypto- 
phanyl-L-4-benzyloxyproline-t-butylester (100 mg.) and 1 ml. 
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mercaptoethan 1 are treated with 1 ml. f trifluoroacetic acid 
for 30 minutes. The reaction mixture is then triturated with 
anhydrous ether, filtered and dried in a vacuum desiccator 
ver P 2 0 5 and KOH to yield the desired compound. 

Example 446 

Synthesis of N-(L-l-ethoxycarbonyl-3-phenylpropyl)-D,L- 
homotrypto?hanyl-L-4-hydroxyproline 

The product from Example 445 C50 mg.) is subjected' to 
hydrogenolysis with 10 mg. of 10% Pd on charcoal in 2. ml. of 
methanol at atmospheric pressure. for 2 hours. The named 
compound is recovered. 

Example 447 

Synthesis of lMl-ethoxycarbonyl-3-phenyl-propyl-<£ 
fluoromethyl)-alanyl-L-proline-phenylthio-ester 

A, A solution of Boc-^C-fluoromethyl-alanine (50 mmols) 
in 50 ml. of methylene chloride is cooled to -5*C. A solution 
of DCC (50 mmols) in 5 ml. of methylene chloride is added and 
the mixture is stirred at -5°C for 5 minutes. There is then 
added 50 mmols of HC1 proline phenylthioester which is 
neutralized with 50 tsnols of H-ethyl morpholine in 20 ml. of 
methylene chloride. The reaction mixture is stirred at -5*C 
for 1 hour and then at 4°C overnight. DCC is removed by 
filtration and the solvent is removed with a rotary evaporator. 
Ethyl acetate is added to the residue, which is washed until 
neutral. Residual solvent is again removed with a rotary 
evaporator and the named product is recovered. 

B. The .Boc protecting group of the compound of Step A is 
removed with HC1 in ethyl acetate .at room temperature for 15 
minutes. The resulting hydrochloride salt is recovered by 
filtration and -dried over P^O- and KOH in a vacuum desiccator. 
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A s lution of, this salt (10 maols) and sodium 

bicarbonate (10 mmols) in 30 ml. £ ethanol and 5 ml. of water 

is added to a solution of 10 mmols f 4-phenyl 2- x -butyric acid 

ehtyl ester in 5 ol. f ethanol. Holecular sieves (12.06 g.) 

, are added and the mixture is stirred at room temperature for 
30 minutes. A solution of 0.6 g. of sodium cyanoborohydride in 

* 15 ml. of ethanol is added dropwise over a period of 4 hours 
and then the reaction mixture is stirred at room temperature 

s 

overnight. - The- mixture is worked up as described in Example 
439 to yield the named compound, 
'j Example 448 

! : Synthesis of N- (l-ethoxycarbonyl-3-phenyl -propyl) -2- 

fluoromsthyl alanyl-I-proline thio acid 

A solution of 56.1 mg. (1 mmole) of NaSH in 0.5 ml. of 
ethanol is added dropwise under a nitrogen blanket to a solution 
of N- (l-ethoxy"-carbonyl-3-phenylpropyl)-2-fluoromethyl-alanyl-2- 
proline phenyl thioester (1 mmole) from Example 447 # dissolved 
in 5 ml. of ethanol. The reaction mixture is stirred at room 
temperature for 1 hour. The solvent is then removed with a 

. rotary evaporator and ethyl acetate (50 ml.) plus water. (5 ml.) 
are added to the residue. The mixture is then cooled in on 
ice bath, and acidified with 2N-sulfuric acid to about pH2. 
The organic phase is then separated, washed twice with saturated 
NaCl. dried over anhydrous Mg S0^ and filtered. Residual 
solvent is removed with a rotary evaporator to yield the named 
compound. 

Example 449 

Synthesis of N-[(l-ethoxycarbonvl-l»phenylmethyl)-2- 
phenyethyll -serinyl-L-oroline-t-butyl ester ! 
In the manner described in Example 439 # 2-phenylmethyl- 1 
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butyl ester are reacted. and the reacti n mixture is worked up 
t yield the named compound. 

Example A50 

' Synthesis of N-f (l-ethoxycarbonyl-l-phenylmethyl)-2- 
\ 

' phenvlethvl] -serinyl-L-proline 

The product from Example 449 is treated with trif luoroacetic 
' acid in the manner described in Example 441 to give the desired 
product. 7^ 

Exaaple 451 

Synthesis of N- [ (1-carboxv-l-phenylaethvl) -2-phenylethvll - 
serinyl-L-proline 

The product from Example 450 is subjected to alkaline 
hydrolysis with 2 equivalents of KOH in 2 ml of water: 
dioxane (1:1) for 1 hour to produce the named compound. 

Example 452 

Synthesis of K-f l-phenylthio-carbonvl-l-Onethoxvcarbonvl- 
methyl ) -S-methyl-3 -mercaptooropyl ] -phenylalanyl-t-butvl ester 

Using 5-methyl-2- (methoxy-carbcnyl-methyl) -homocysteine 
thiophenyl ester and N- (3 -phenyl -pyruvoyl) -L-proline-t-butyl 
ester and following the procedure of Example 43 9 , the named 
compound is prepared. ^ 

Example 453 

Synthesis or K-f l-phenylthiocarbonyl-l-(methoxycarbonvl- 
aethyl)*S-aethyl-3"mercaprorropyl1-phenylalanvl-L-Pro 

The product of Example 452 (1 g.) in 2 ml. of anisole is 
treated with 5 ml. of trif luoroacetic acid under nitrogen 
for 20 minutes at room temperature. The product is precipitated 
with diethylether while cooling in an ice bath. The named 
: compound is recovered after drying- in a vacuum desiccator over 
P 2 0 5 and KOH. 
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Example 454 

Synthase f Nfl-thi carbonvl-l-fa», hexvearb ^wwii. 
S-aethvl-3 ggre«"r opropyll-phenvlalm y l.T.-P™ 

The product of Exaaple 453 is subjected t hydrolysis with 
two equivalents of sodiun hydrosulfide as described in Exaaple 
. 448 to yield the naaed coapound. 

Exaaple 455 

Synthesis of N-g-ethoxvcar bonvl-l-fliitrro-aethvl- _ n _ 
hydrox^henvl)ethvn-N -Cbo-ornii:^ WT l-L-Pr 0 -tr-b»ry » 

A. A solution of L-Pro-t-tatyl e s£e r (0.1 aols) in 30 al. 
jj of aethylene chloride is cooled in a dry ice-acetone bath to 
' -50-C. A small, portion thereof' is added with vigorous stirring 
to a solution of DCC (0.1 aol) in 15 al. of aethylene chloride 
while the teaperature is maintained at -55'C. The solution is 
further stirred. at -55 -C for 3 ainutes after which there is 
added, dropvise, a solution of freshly vacuua distilled 
S.Cbo-aaino-Z-oxopentanoic acid. (0.1 aol) in 20 als. aethylene 
chloride. The reaction aixture is stirred at -55'C for 4 hours. 
. at -15*C for 2 hours and finally at 4'C overnight. Solid Dicyl- 
, cohexylurea is reaoved by filtration, and isopropyl ether (50 al.) 
•I is added. The organic phase separated thereby is washed until 
neutral, dried, filtered .and concentrated in a rotary evaporator. 
Upon storage in a freezer the resultant coapound crystallizes 



out. 



B. This coapound is prepared according to the aethod 
described in Exaaple 439. using (fluoroaethyl) -tyrosine ethyl 
ester and N- (5-Cbo-aaino) -2-oxo-pentanoyl-l-proline-t-butyl 
ester as primary reactants. 
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Example 456 ~ ^ ~ 
Synthesis f N-Il-ethoxycarb nyl-l-flu ronethyl-2- 
(-p-hydroxyphenyl) ethyl 1 -ornithinyl-L-proline 

The product f Example 455 is subjected to HF to deprotect 
the carboxyl group of proline and yield the named product. 

Example 457 

Synthesis of N-(l-ethoxycarbonyj-l>(methoxy-methyl)-2- 

(3,4-dimethoxyphenylethyn-S-ben2yl-cysteinyl-L-Pro->t-butyl 
ester 

Using the method described in Example 439,$< -(methoxy- 
methyl)-3,4-dimethoxyphenylalanine ethyl ester and N- (3-benzyl 
thiopyruvoyl-2-Pro-t-butyl ester, the named compound is 
prepared. 

Example 458 

Synthesis of N-f l-ethoxycarbonyl-l-(sethoxymethyl)-2- 
(3,4- dime thoxypheny 1 ) - e thyl ] - cy s t einyl -L-Pro 

The product of Example 457 is subjected to HF treatment 
to deprotect the carboxyl group of proline and yield the named 
compound . 

Example 459 

Synthesis of N-(l-ethoxycarbonyl-l(2-propenyl)-5- 
phthalylpentanoyll -valyl-I-Pro 

A. Proline (35 mmols) is suspended in a mixture of 
35 ml. of * propylene oxide and 210 ml. of dry acetonitrile at 
room temperature. Bis-trimeuhyl-silyl-trifluoroacetamide 
(77 mmols) is added and the reaction i6 stirred at room tempera- 
ture for 15 minutes. 3-methyl-2-oxo-butanoic acid chloride 
(36.8 mmols) is added end the mixture is stirred for about 
twelve hours. The mixture is chilled in an ice bath, slowly 
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treated vith 35 ml. of 1 H HC1 and stirred for 5 minutes. 
Acetonitrile is then rem ved in vacuo and the s lid residue is 
dissolved in 500 ml. of ethyl acetate. The organic layer 
separated is washed several times with 50 ml. portions of water 
and then with saturated NaCl, dried over anhydrous MgSO^. 
Residual solvent is removed with a rotary evaporator and 
N-(3-methyl-2-oxo-butanoyl)-L-Pro is recovered. 

B. Following the method of Example 447. the product of 
Step A is reacted with 2-amino-l-(2-propenyl)-5-phthalylpentanoic 
acid ethyl ester to give the named compound. 

Example 460 

Synthesis of N-f (l-carboxy-l-(2 progeny!) -5- 
phthalylpentanoyl? -valyl-L-Pro 

The product of Example 459 is saponified to prepare the 
named compound. 

Example 461 

Synthesis of N-f (carboxy-l-(2-propenyl)-5-afflinopropanovn- 
valyl-L-Fro . 

The named compound is obtained by hydrazinolysis with 
hydrazine hydrate, of the product of Example 460. 

Exampla 452 

Synthesis of N-(l-isobutyl-l-carboxy-3-methoxycarbonvl- 
propyl ) - leucinvl -L-Pro 

A. N-(4-methyl-2TOX©-?entanoyl)-L-Pro is prepared as 
described in Step A of Example 459, substituting 4-methyl-2- 
oxo-pentanoic acid chloride for 3-methyl-2-oxo-butanoic acid 
chloride. 

B. The product of Step A (0.00272 mols) is reacted with 
-isobutyl glutamic acid --methyl "ester (0.000545 mols) and 
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sodiua cyanob rohydride X103 mg.) in vater (10 ml.) at pH7 
(adjusted with caustic) at r om temperature over several days. 
The pr duct is ads rbed on an acid ion exchange resin and 
eluted with 21 pyridine in water, fractionally distilled and 
freeze dried to produce the named compound. 

Example 463 

Synthesis of K-(l-carboxy-l-methyl-4-nhthalyl butyl) - 
Tyr-L-Pro-t-butyl ejter 

A. N- (4-hydroxyphenyl) -pyruvoyl-L-proline-t -butyl ester 
is prepared using the method of Step A of Example 455 and 
substituting 4-hydroxyphenyl pyruvic acid for the carboxylic 
acid therein used. 

B. Following the method of Example 437, Step B, using 
2-methyl-5-phtnalyl-ornithine and N- (4-hydroxyphenyl) -pyruvoyl -L- 
proline-t -butyl ester from Step A as reactants, the named product 
is obtained. 

Example 464 

Synthesis of N-(l-carboxy-l-methvl-4-amino-butyl)- 
Tyr-L-Pro-t-butyl ester 

The named product is obtained by hydrasinolysis of the 
product of Example 463. 

Example 465 

Synthesis of N-(l-carbcxy-l-methyl-4-aminoputyl)-Tyr-L Pro 
The named compound is obtained by trif luoroacetic acid 
treatment of the product of Example 464. 

Example 466 

Synthesis of N-(l-carboxy-l-methyl-4-phthalyl-butyl)- 
Tyr-L-Pro 

The named compound is obtained by trif luoroacetic acid 
treatment of the product of Example 463* 
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Example 467 

Synthesis f H-f l(-'-inercaptoethyl)-l-mercapt e thy 1-4- 
hvdroxy-2-keto-butyll -Ala-Pro 

The " -hydroxyethylketone f S-benzyl-D-hemocysteine, 
2 maols, is reacted with 10 ssnols of pyruvoyl-L-Pro , all in 
10 ml. of ethanol plus 12 mmol NaHCO^ on 2 ml. 1^0, in the 
presence of 3.2 g of powdered molecular sieves at room 
temperature. After 30 minutes of stirring, 130 mg. of sodium 
cyanoborohydride in 2 ml. of ethanol is added dropwise 
over a period of 4 hours. The molecular sieves are removed by 
filtration. The solvent from the filtrate is removed by rotary 
evaporation under reduced pressure. The product is isolated 
by conventional chromatography techniques; The S-benzyl protect- 
ing group is removed with anhydrous HF in the presence of anisole 
to yield the named compound. 

Example 468 

Synthesis of H- (l-mercaptcoethyl-3-amino-2-keto propyl)- 
Phe-4-fluoro-L-Pro 

•r 

The -Boc-aminome thy Ike tone of S-benzyl-D-cysteine, 
.! 2 mmols, is reacted with 3-paenylpyruvoyl-4-f luoro-L-Pro essen- 
tially as described in Example 467 to yield N-(l-behzoylthio- 
methyl-4-t-butyloxycarbonylsnino butyl) -Phe-L-Pr o . If desired, 
the t-Boc group can be removed with anhydrous trifluoroacetic 
acid, or the t-Boc and S-benzyl groups may be removed with 
anhydrous HF in the presence of anisole to yield the named 
compound. 

Example 469 

Synthesis of K-(L-carboxvmethyl-2-keto-butyl)-homoPhe-3- 
chloro-L-Pro 

The *-ethylketone of D-aspartic acid -yS-t-butyl ester, 2 
nsnols. is reacted with 10 mmols of 2-keto-4-nhenvlbutanovl-3- 



chloro-L-Pro in the presence f sodium eyanob rohyJrxdi 8 ac fold- 
ing t the procedure of Example 467 to yield N-(l-t-butyl xy- 
carbonyloethyl-2-keto-butyl)-homoPhe-3-chlor -L-Pro. The 
latter is isolated by conventi nal t chniques f chr mat graphy. 
The t-butyl ester group is removed with anhydrous HF t yield 
the named compound. 

Example 470 

Synthesis of K-(l-thiocarboxvmethyl-2-keto-butvl)-Val- Gin 

The**- ethyke tone of D-aspartic acid-/S-th±ophenyl ester. • 
2 mmols. is reacted with 3 , 3-dimethylpyruyoyl-5-keto-L-Pro in 
the presence of sodium cyanoborohydride, essentially as 
described in Example 467, to yield, after isolation, K-(l - 
phenylthioearboxyl-methyl-2-keto-butyl) -Val-5-keto-L-?ro . 
By removing the thiophenyl ester with HaSH, the desired compound 
is obtained. 

Examples 471 

iKf A. Synthesis of H- (pyruvoyl) -L-Pro-t-butyl ester and related 
p(-keto intermediate compounds. 

i 

A solution of 99.5 raols of L-Pro-t-butyl ester in 39 ml. of 
chloroform was cooled to -50 °C. A solution of dicyclohexyl- 
carbodiimi.de (DCC) , 99.5 =ls in 15 ml. of methylene chloride, 
at -55"C, was added dropwise with vigorous stirring. Three 
minutes later, pyruvic acid. 99.5 mmols in 20 ml. of chloroform 
at -55'C, was added dropwise. The reaction mixture was stirred 
at -55 *C. for 4 hours at -15 "C. for 2 hours at 4»C. overnight 
and at 22°C. for 2 hours. The dicyclohexylurea precipitate 
was removed by filtration and the precipitate was washed with 
isopropyl ether. The organic phase was washed until neutral. 
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under reduced pressure. The crude product was vacuum-distilled 
over anhydrous potassium carbonate t yield 21. lg. £ oily 
residue. Vacuum distillation was repeated to collect the 
fraction distilled between 114 and 124°C. ( linns.H ) . This step 
yielded llg of material that crystallized to yield white 
needles having a measured optical rotation, in the concentration 
of 0.06029g/ml of ethyl acetate of fcOi> 5 m -71.95°. Elemental 
analysis for C^H^NO^ (Formula weight « 241.291): 

Calculated: C 59.73, H 7.94, H 5.81,0 26.52; 

Found: C 59.64, H.8.10, N 5.76. 

By substituting for pyruvic acid an ©(-keto-carboxylic acid of 
colursi A below, for pyruvic acid and/or substituting for L- 
proline-t - butyl ester an analog listed in coluxm B in the 
synthesis given above, intermediate compounds shown in 
column C are obtained. 
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■ -tr- 

4-hydroxy-Pro 
3-hydroxy-Pro 

3- chloro-Pro 

4- bromo-Pro 
3,4-difluoro-Pro 
3-hydroxy-5-methyl-Pro 

5- phgnylthio-Pro 

2- (2 hydroxyphenyl)-thiazolidpe -4 carboxylic acid 
5-{2-hydroxyphenyl)thio Pro 

3 -me thy Ithio -Pro 

3- benzylthio-Pro 

4- methyl-Pro 
4-methylene-Pro 
4-fluoromethyl-Pro 

Each of the -List B compounds is used in its L-form. 

C. Each of the NX-Boc intermediates prepared in A. or B. 
above is reacted vith each of the oC- amino acids listed in 
Examples 471-548 above, to yield a compound of this invention. 

Example 626 

Synthesis of M- (L-l-benzyloxycarbony 1-3 -phenyl-propyl) - 
D-Val-L-Pro-t-butyl ester 

Combine 2 nnnols of L-hpmoPhe benzyl ester, 2 mmols of 
2-bromo-3 t 3-diDethyl-propionyl-L-Pro-t-butyl ester and 5 nnnols of- 
silver oxide in 50 ml. of benzene. Reflux for 24 hours and then 
add 2 mmols of 2-bromo-3 , 3-dimethyl-propionyl-L-proline-t-butyl 
ester and 5 lxzaols of 6ilver oxide. Reflux for another 24 hours. 
Cool, filter, strip off the solvent, and isolate the named 
compound by conventional chromatrographic techniques. The two 
*ester groups are each removed as desired from portions of the 
m-nduct to vield each 
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Step B. 

Each f Che intermediate products f Runs 1*1500 is 
reacted with each s(-aninocarboxylic acid f the following table, 
or an ethyl , methyl, t-butyl, benzyl, diphenylnethyl or 
thiophenyl ester there f , to give a product of this invention 
in which ^1 

Rg-C- is of the general formula R g C- 

*2 C00E 

wherein E is H, ethyl, tnethyf/ t -butyl, benzyl , diphenylnethyl 
or thiophenyl and 



-S— C— C— N— C— C— R A is the radical of 



H ?3 O fu f 5 0 
-C — C — N — C — - 

intermediate of Colunn C above that is used in the synthesis 
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A. Synthesis of N-(D -[+]-2-br mo-propionyl) -L-pr line- 
t-butvl ester 

A solution of 40 inaols of D- [+] -2-bromo-propionic acid in 

15 nl. of redistilled dichloroinethane was cooled to -40*C. A 

cold solution of dicyclohexylcarbodiimide (DCC), 40 unnols, in 

10 ml. of dichlorome thane, was added dropwise while maintaining 

the temperature between -35 and-40 # C. After 10 minutes of 

stirring. L-proline-t-butyl ester, 40 mmols, in 15 ml. of 

dichloroinethane at -45J*C, was added dropwise with stirring. 

After 1.5 hours at -45 °C, the reaction mixture was stirred at 

4°C overnight. The precipitate of dicyclohexylurea was removed 

by filtration. The organic filtrate was washed until neutral, 

dried over anhydrous MgSO^ and filtered again. The solvent waa 

removed by rotary evaporation under reduced pressure to yield 

10.6 g. of oily residue. The product exhibited an optical 

rotation, when dissolved in ethyl acetate in a concentration of 

24 

0.036835 g./ml. of [oOx> " -56.82*. Upon elemental analysis for 
C 12 H 20 OTr0 3 & OTm3lB veight - 306.209), the results were 
Calculated: C 47.04, E-6.58, N 4.57 
Found: C 47.00, H 6.52, N 4.56 

Instead of using D- [+] -2-bromopropionic acid in the above 



synthesis is repeated using each acid from the following list to 



Br-C-C-N-C-C-R fi or a compound in which H- replaces Br* 



synthesis of the intermediate 




CH 3 (R^ 



make either 



l 7 S l A l 5 fJ 



CH 3 



List A, 
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2-broxnoarginic acid 
" 2-bromo- 3-methy lbutyric acid 
2-br mo-3, 3-dimethylpentanoic acid 
5 2*bromo-3-ixuidazolyl- propionic acid 

2-bromo-3-methyl-5-guanidino pentanoic acid 
L-[-]-2-^bromopropionic acid 
2-bromoisobutyric acid 
N-t-Boc-L- alanine 

it 

10 ;;N-t-Boc-*-methyl-Ala 

N-Boc-rC- methyl-L- valine 

N -Boc-p^-methyl-D-valine 

N -Boc-arginine 

N -Boc-nitroarginine 
15 N -Boc-jf -methyl nitroarginine 

N -Boc- leucine 

H -Boc-Ile 

N -Bocxt-methyl Leu 
;|N -Boc aeparagine 
20 2-bromo-A-oxopentanoic acid 

2-bromo-3-benzylthio-3-inethyl-butyric acid 

2-bromo-5-"Boc-amino-3-oxo pentanoic acid 

2-br omo- 5 - ethoxy carb ony 1- 4-oxo-p en t anoic acid 

2-bromo-3-methoxy-pencanoic acid 
25 2-brbmo-3-(p-hydroxy-ia-t-butylphenyl) -propionic acid 

2-bromo-3 t 3 t 3-trimethyl propionic acid 

2-bromo-2- (3 1 A- dihydrcxyphenyl) -acetic acid 

2-bromo-A-t-butyloxycarbonyl-pentanoic acid 
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2-broso-3,4-dimethylpentan ic acid 

2-brcco- 5 - COb - asinop en tan i acid 

2-broso-3- (4-p-hydr xyphenoxyphenyl) -propionic acid 

2-broao-3-phenyi propionic acid 

N -Boc^-fluoro Phe 

N -Boc-homo-Arg 

N -Boc-hoao-nitro Arg 

N -Boc-glutamine 4 

N -Boc-? -methylphenyl Gly 

N -Boc-3,4.5-triiodo-Phe 

N -Boc-3,5-dihydroxyphenyl Gly 

N -Boc-3-hydroxyphenyl Gly 

N -Boc-0-ethyl-*-methyl Ser 

N -Boe-trileucine 

N -Boc-(3 chloro-3-pyridyl)-Ala 

N -Boe-(2 fluoro-6-pyridyl)-Ala 

N -Boc-3- (2,3.4.5, 6-pentaf luorophenyl) -Ala 

N -Boc-3- (3, 5-dichloro-2,4, 6- trif luorophenyl) -Ala 

N -Boc-3-t-butyl methyl-Tyr 

K -Boc-y^,^-difluoro-Ala 

N -Boc-S-isopropyl-^-iaethyl-Tyr 

H -Boc-3(2,5-diaethoxy-4-aethylphenyl)-Ala 

N -Boc-3-(2-methyl-4,5 dehydroxyphenyl)Ala 

N -Boc-2-a=ino-4-benzyloxy-o-t-Boc-hexanoic acid 

N -Boc-2-aaino-3-methoxy-2-methylpcntanoic acid 

N -Boc^-(4 methoxy-1 naphthyl)-fit-methyl-Ala 

N .Boc-2-amino-2-methyl-5-ethoxycarbonyl-4-hydroxy-pentanoic acid 
N -Boc-2-amino-5-Boc-araino-3-hydrpxy-pentanoic acid , 

N -Boc^,y5-dimethyl-Cys 



N -B c-2-aaino-2-aechyl-4 hydr xypencan ic acid 0048159 
M -Boc-2-aaino-6-benrylthio-2-inethyl-5-axo hexanoic acid 
N -Boc-2-aaino-6-mercapto-2-methyl-5-oxohexanoic acid 
N -Boc-2-amino-2-aethyl-4- xo-pencanoic aeid 
5 N -Boc-2-amino-3-methyl-4-oxo-pentanoie aeid 
H -Boc-2-aaino-5-hydr xy-4- xo-pentanoic acid 
N -Boc-2-amino-4-oxo-pentanoic acid 

N -Boc-2-amiao-2-tnethyl-4-oxo-5-ethoxycarbonyl pentanoic acid 
N -Boe-5-Cbo-aniao-2-amiao-3-oxo-pentanoic acid 
' ; N -Boc-thyxoaine 

Hs^Boc-N^-benzyl histidine 

N -Boc-J- (3 . 4-dimethoxyphenyl) -^-methyl-dehydro-Ala 

N -Boc--\ J-diethyl-dehydro-Ala 

N -Boc-albizziin 
• N -Boc-7f-oxalysine 

N -Boc-2-amino-2-indole-acetie acid 

N -Boc , N ^-Boc-JT-hy droxy-Lys 

N -Boc,N ^hydroxy Lys 

N -Boc-JlN-methyl-Arg 
1 N -Boc-J"-hydroxy-Arg 

N -Boc-5 , 5 ' -dihydroxy-Leu 

N -Boc-5-f luoroaspartic acid 

N -Boc-£-methyl-aspartic acid 

N -Boc-^S-methylene aspartic acid 

N -Boc-p(Tos)guanidino-phenyl Cly 

N -Boc-p-guanidino-phenyl-Gly 

N -Boc-p-methyl Phe 

N -Boc-2-ethoxy-5-nicro-Phe 
N -Boc-p-benzylthio-Phe 
N -Boc-p-mercapto-Phe 
N -Boc-oc-methyl Phe 
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N -B e-X-inethyl-Leu 
N -Boc-v«nethyl-Ile 
N -Boc-^-methyl-cx'-aziin butyric acid 
N -B c-,rrf roaethyl-Ala 
5 N -Boc-r^Boc-amincsnethyl-valine 
H -Boc-eN-methyl glutamic acid 
N -Boc-^-methyl glutamine 

N -Boc-cC-nethyl-histidine 
10 H -Boc-trfT-aethyl Asp 

. N -Boc-^-methyl-hcmo-Lys 

i 

N -Boc-/-Mthyl-nitro-Arg 
N -Boc-c^-methyl-O-benzyl-Ser 
N -Boc-^osthyl-O-phenyl-Ser 
15 N -Boc-p<-methyl-0-t-butyl-Ser 
N -Boc-**-methyl-0-methyl-Ser 
N -Boc^-methyl-0(p-hydroxyphenyl)-Ser 
N -Boc-t^-me thy 1-Obenzyl- threonine 
N -Bocn^-methyl-O-ethyl-threonine 
20 H -Boc«t^-methyl-S-t-butyl- cysteine 
; N -Boc-c<-iae thy l r S-nethyl- cysteine 
N -Boc-^-methyl-S-benzyl-hoaocystine 
N -Boc-^-nethyl-O-methyl-hamos erine 

In each instance, the acid is used in its L- # D- or D.L- 
25 form to make the corresponding intermediate. 

B. Each of the foregoing syntheses of intermediates is 
repeated using each of the acids named above with each of the 
below-listed ^ 

compounds in lieu of 



L-Fro-t-butyl ester to make further intermediates 

List B 
Fr -amide 
Pro-ethyl ester 
Fro methyl ester 
Fro diphenylmethyl ester 

Fro thiophenyl ester ^ 

thiazolidine-4-carboxylic acid 

4-hydroxy-Pro 

3- hydroxy-Pro 

4- methoxy-Pro 

4- propyl-Pro 
Fip 

Aze-2-carboxylic acid 

5- keto-?ro 

3- methoxy-Pro 
2-f luoro-Pro 

4- Boc-aaino-Pro 
4-Boc-aminomethyl-Pro 
4- a cety Ithio-Pr o 
4-fluoromethyl-Pro 

5V -methyl-Pro 
4-iodo-Pro 
4-hydroxymethyl-Pro 
2,3-dehydro-Pro 
3 $ 4- dehy dr o-Pro 
4 1 5-dehydro-Pro 
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' -ft- 

a. N- (L-l-benzyloxycarbonyl-3-phenylpropyl)-D-Val-L-Pro 

b. N-L-l-carbqxy-3-phenylpropyl)-D-Val-L-Pr -t-butyl ester 

c. N-(L-l-carboxy-3-phenylpropyl)-D-Val-L-Pr . 

Examples 627-704 
Using the method of Example 626, each of the bromo-intermedi- 
ates from Examples 549-625 is reacted with each c{- amino acid and 
derivative thereof from Examples 471-548 to yield a compound 
of this invention. The following Table illustrates representative 
compounds of the invention so prepared. Since, in all of these 
compounds, R 2 is COOE, wherein E x 1 is OH, OCHj, 0C 2 H 5 , O- t-butyl, 
S-phenyl or SH; Rj and R 1Q are each H and X « -NH-, only the 
variables R^, R^, R^ amd R^ R^ 

-K — CH C0R fi are covered in the Table: 

Example 705 
An intermediate of the general formula 
Rj o R^ R^ 

.is reacted with an^C-keto-carboxylic acid or a suitably protected 
©{-keto-carboxylic acid selected from the following list: 



-96- 



List C ~ - 17~ 

3-methyl-2- x -pen tan ic acid 

2- oxo-heptanoic add 

3- is butyl-pyruvic acid 
3 t 3-dimethyl-2-oxo-pentanoic acid 
N^-benzyl- 3 -imidazolyl -pyruvic acid 
5-benzoylaxnido-2-oxo-pentanoic acid 

5- Boc-amino-2-oxo-pentanoic acid 

6- CbO-amino-2-oxo-hexanoic acid 
6-Tos-amino-2-oxo-hexanoic acid 
4-HO-phenyl-pyruvic acid 
A-ethoxycarbonyl-2-oxo-butyric acid 
A-methylthio-2-oxo-butyric acid 
3-OH-3-nethyl -pyruvic .acid 

3 -phenyl oxypyruvic acid 
3 t 3-isobutyl-pyruvic acid 
2-oxo-decanoic acid 

2- oxo-octanoic acid 

3 t 3-dimethyl-2-oxo-butyric acid 

3- iaopropyl-pyruvic acid 

3.3-dimethyl-pyruvic acid 

i 

p-OH-phenoxypyruvic acid 

N E -Boc-aninoethyl-2-oxo-4-phenylbutyric acid 
5-methyl-2-oxo-heptanoic acid 

dimethylaninoethyl-2-oxo-A-phenylbutyric acid 
A- (3-indolyl) -2-oxo-butyric acid 
2-OXO-4- (p-Cl -phenyl) -butyric acid 
2-oxo-phenylbutyric acid 
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2- x -adipic acid -6 -methyl ester 
2-oxo-glutamic acid-5-ethyl ester 

2- xo-butyric acid 
A-methyl-2- xopentan ic acid 
6-methyl-2-oxoheptanoic acid 

3- cyclohexyl-2-oxopropionic acid 
phenylpyruvic acid 
phenylthio-pyruvic acid 
benzylthio-pyruvic acid 
benzyloxy-pyruvic acid 
indole-3-pyruvic acid 
2-oxo-3-p-cyanophenylpropionic acid 

4- r^naphthyl-2-Gxo-butyric acid 

4- (3 , 4-dichlorophenyl) -2-oxo-butyric acid 
2-oxo- (4-p-phenoxypbenyl) -butyric acid 

Compounds .of the invention vhich are prepared by this 
method include: 
Compound 

Identification Compound Name 

A. N- (l-carboxy-2- trimethylethyll-Arg-Pro 

B . N- (l-carboxy-4-carboxyamido-butyl) -2-amino- 

3 , 3 > 3-triaethyl-propionyl-L-4-f luoro-Pro . 

C. N- (l-carboxy-2-f luoro-2-phenylethyl) -Val-L- 

4-methoxy-Pro 

D. N-(l-carboxy-3-phenylpropyl)-2-amino-(5-Boc- 

anino-2-oxo) -pentanoyl-L-3 , 4-dif luoro-Pro • 

E. N -(l-carboxy-4-guanidino-butyl)-His-L-5-keto- 

4-Pro 

F. N-(l-carboxy-2-phenoxyethyl)-2-amino-4-oxo- 

pentanoyl-L-thiazolidine-2-carboxylic acid 

N- (l-carboxy-2-benzyloxyethyl) - (jn-t-butyl)Tyr- 
L-4-methyl-Pro 

H. N-(l-carboxy-4-Boc-aminobutyl)-2-amino-3 f 3 f 3- 

trimethyl-propionyl-L-rt-me thyl-Pro . 
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Coispound 

Identification Compound N*™ 

(1-carboxy- 2 -dimethyl- 2 -ben^lthio-e thy 1) 
Gln-L-Aze-2-carboxylic acid 

J- N- [l-carboxy-4-(K G -oethyl8uanidino)butyl]-2 

amino-3-methoxy-pentanbyl-L-Pip 

K- N- [l-ethoxycarbonyl-2- (p-guanidino-phenyl) 

ethyl] -GluQr-t-butyl ester) -5-phenyl-L- 
Pro 

Example 706 . 

Specific compounds of this invention are prepared by 
reacting an c<- amino acid or ester of the general, formula 

Rj C NH 2 wherein E £ is OH. SH, 0C 2 H 5 , 

C0E 2 . 

0CH 2 or 0-t-butyl, vith an intermediate 

?3 ?. ?4 R 5 ° K. o R.R- o 

Br — CH — C — N CH — C — R, or C C — N-CH — C — R, 

o o 
o 

They include those of the following table, wherein X - -NH-, 
Ry and R^q « H f m « 0, Rj is C0E 2 and tlie variable groups are 
as depicted: 
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Example 707 -JM- 0048159 

A. Synthesis of N-(l-ethoxyearb nyl-l-hydroxymethyl ethyl) - 
D.L-Ala-Pr -t-butyl ester. 

Using the method of Example 439, the named compound is 
prepared from -hydroxymethyl-Ala -ethyl ester and pyruv yl-L-Pr - 
t-Bu-ester. 

B. Synthesis of N-(l-ethoxycarbonyl-2 mercaptomethylethyl) - 
D,L-Ala-?ro 

The desired compound is obtained by treating the product of 

* Step A with ? 2 S 5 311(1 thsn removin S tte t-^ty 1 *ster group with 
HC1. 

Example 708 

Synthesis of L-2-IL-l-carboxy-4-(N -methyl, N -N-methvl,N- 
nitroguanidino) butyl- thiooropanoyl] -L-4-butyloxy-L-Pro-t-butvl • 

• ester 

A. A solution of D-(+)-2-bromopropanoic acid(0.04 mols) in 
15 ml. of methylene dichloride was cooled to -40*C. A solution 
of DCC (0.04 mols) in 10 ml. of methylene dichloride was added 
in dropwise fashion and the solution was stirred at -35 to - 
40°C. for 10 minutes after which there was added L-Pro-t-butyl 
ester (0.04 mols) in 5 ml. of methylene dichloride at -45°C. The 
reaction mixture was stirred at -40°C. for 1-1/2 hours and then 
at 4°C. overnight. Working up the product in the conventional 
manner yielded 10.6 g. of the named product. 

B. About 20 ml. of anhydrous liquid ammonia is added to L- 
; 2-mercapto-5-N -methyl, n -nitroguanidino-pentanoic acid (0.003 
ilmols) while the reaction .flask is immersed in a dry ice-acetone 
''bath. Sodium . is added with szirring until a permanent blue color 

is sustained. There is then added with stirring N-(+)-D-bromo- 
propanoyl*)-L-4-t-butyloxy-L-?ro t-butyl ester (0.03 moles) from 
Step A hereof. The reaction vessel is stoppered and stirred at 
room temperature for 1-1/2 hours* Ammonia is removed while the 
flask is protected, with & tube containing CaClj. The residue is 
. dissolved in water and then extracted with ethyl acetate. The 

aqueous phase is saturated and then acidified with solid potassium 

.bisulfate in the presence of ethyl acetate. The solvent is 

[removed with a rotary evaporator to yield the named compound. 



Example 709 V-^ - 
Synthesis f L-2-fL-l-thiolcarbonvl-4-(N -methyl. N -nitroguanid^ ^ 
In )- butyl thioor panoyll-L-A-t-butyloxy-Lpr lin -t-butyl ester 

A s lution f product from Example 708 (0.0015 mo Is) and 
triethylamine (0.0015 a Is) in dry tetrahydrofuran (50 ml.) is 
cooled to -15*C. under argon and treated with ethyl chl rofonnate 
(0.015 mols). After stirring at -15°C. for 1-1/2 hours, sodiua 
hydrosulfide (0.025 mols) is added and the solution is stirred 
at *4°C. overnight. The solvent is removed with a rotary 
evaporator and the solid is dissolved in water and cooled in 
an ice bath. This solution is acidified to about pH3 with 
solid potassium bisulf ate in the presence of ethyl acetate and 

•i 

the organic phase is washed with a solution of saturated sodium 
chloride, dried over anhydrous sodium sulfide and filtered. 
The solvent is removed with a rotary evaporator to yield the 
named compound. 

. Example 710 

Synthesis of L-2-rL-l-thiolcarbonvl-4-(N- -methyl-guanidino-butyl- 
thio-propanovl 1 -1-4-hycr oxy-L-Pro 

The product of Example 709 is subjected to HF treatment at 

0 C. in the presence of anisole for 1 hour to yield the named 
product. 

Example 711 

' Synthesis of N-(l > 2-dicarboxy-2-fluoroethylthio)-2-phenvlacetyl-L- 
thiazolidine-4-carboxylic acid 

A. To a solution of 0.01 mol of thiazolidine-4-carboxylic 
acid in 10 ml. of IN NaOH. cooled in an ice bath, is added 5 ml. 
of 2 N HaOH and 0.01 mol of 2>-2-bromo-2phenylacetyl chloride, in 
that order, with vigorous stirring. The reaction mixture is then 
stirred at 0*C. for 30 minutes and then at room temperature for 

1 hour. It is then acidified with concentrated HC1 in the presence 
of ethyl acetate, to about pH 2, with cooling. The organic phase 

is washed with a solution of saturated NaCl, dried over anhydrous 
sodium sulfate and filtered. The solvent is removed with a 
rotary evaporator to yield the named compound. 

B. Using the synthesis method of Example 708, Step B, 1- 
mercanto-2-f luorosuccinie acid is reacted with the product of 
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Example 712 

Synthesis f NM2-(l-carboxy-2-p-nitrophenyl)cthylthio-5-Boc- 
aminopentanoyll-L-Pro-t-butyl ester 

A. This compound is prepared in the manner described in 
Example 708 1 Step A, using 2-bromo-5-Boc-aminopentanoic acid as 
the starting compound. 

B. This compound is then prepared in the manner described 'in 
Step B of Example 708 , using mercapto-3-p-nitrophenyl propionic 
acid and the product of Step A hereof as the reactants. 

Example 713 

! Synthesis of N-f2-(l-carboxy~2-p-nltrophenyl ethylthio)-5- 
guanidinopentanoyll -L-Pro-t-butyl ester 

The product of .Example 712 is deprotected with anhydrous 
trif luoroacetic acid in -the presence of anisole and then treated 
vith anhydrous ethyl ether. The residue is dried in a vacuum 
desiccator over phosphorus pentoxide and potassium hydroxide for 
several hours and the gu^nidino group is introduced with o-methyl 
isourea. 

Example 714 

:j Synthesis of N-[2-(l t 3-dicar5oxy-l-methyl) propylthiopropanovl)-2- 
0-hydroxphenyl-L-thia2olidi^e-4»carboxylic acid 

A. 2-(0-hydroxphenyl)-L-thiazolidine-4-carboxylic acid is 
prepared in the manner described in step A of Example 711, using 
2 (0-hydroxphenyl) -L-thiazeiidine-4-carboxylic acid and 2-bromo- 
propionyl chloride as the reactants. 

B. The desired compound is prepared in the manner des- ! 
cribed in Example 708, Step B, using 2-mercapto-2-methyl 
glutaric acid and the product of Step A hereof as the reactants. 
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Example 715 

Synthesis of NI2-(4-arain -l-carboxy-2-hydroxybutylthi Bhutan yll- 
L-4-methoxy-proline 

A. K-(2-bromobutanoyl)-L-4-oethoxyprolliie-t-butyl ester is 
prepared as described in Step A of Example 708. substituting 2- 
bromobutyric acid and L-4-methoxy-proline-t-butyl ester for the 
reactants of that step* 

B. The desired compound is prepared as described in Step B 
of Example 708. substituting 5-Boc-amino-3-t-butyloxy-2-mercapto- 
pentanoic acid-t-butyl ester and the product of Step A hereof for 
the reactants there utilized, followed by treatment with tri- 

t f luoroacetic acid in the presence of anisole to yield the named 
product. 

Example 716 

Synthesis of N- fL-2- (2-benzyloxy-l-carbaxy-ethylthio)-2-p-t 
butyloxv-nhenylacetyll -L-proline 

A. N-[2-bromo*(p-butyloxy)phenylacetyl]-L-proline t-butyl 
ester is prepared as described in step A of Example 708. using 
2-bromo-p-t-butyloxyphenyl acetic acid as the starting material. 

B. The sodium salt of 3 -benzy loxy-2 -mer cap t opr op ionic acid- 
t-butyl ester (0.01 mol) -and the product of Step A hereof (0.01 
mol) are reacted according to Step B, Exaaple 708. to yield 

the Pro t-butyl ester of the named compound. The ester is 
deprotected with trif luoroacetic acid in the presence of 
anisole to yield the named ccspound per se . 
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Example 717 

Synthesis of lM2-(5-amino-l-carboxypcntylthio)-3-(2-ethoxy-5- 
nitrophenyl)propan yl 1 -L-Pr 

Following the procedure described in Step B f Example 715, 
6-Boc-amino-2-mercaptohexanoic acid and N-[2-bromo-3-(2-ethoxy- 
5-nitrophenyl)propanoyl]-L-Fro-t-butyl ester are reacted to give 
the proline- t-butyl ester of the desired compound. That ester is 
then treated with trif luoroacetic acid in the presence of anisole 
to give the named compound. 

Example 718 

Synthesis of N-f 2-(l-carboxv-3-phenylpropyl)-4-oxo-pentanoyl1-L- 

i 

j 3 . 4-dehydronroline 

Using the procedure described for Step B of Example 715 , 
4-phenyl-2-mercapto-butanoic acid is reacted with N-(2-bromo-4- 
oxopentanoyl) -3 ,4-dehydrb -proline- t-butyl ester, and the product 
is deprotected with trif luoroacetic acid in the presence of 
anisole to yield the named compound. 

Example 719 

Synthesis of N-f 2-l-ethoxvcarbonyl-2-(p-Tos-amidino)phenylethoxy 
propanoyll -L-proline 

■ Sodium -(0.005 gram-atoms) was added to a solution cf the 

i 

ethyl ester of 2-hydroxy-2- {p-7os-aiaidino)-phenylpropanoic acid 
(0.005 xnols) in 5 ml. of dry toluene, fitted with a reflux 
condenser and the flask protected with a calcium chloride tube. 
The mixture is stirred at room temperature for 1 hour. To this 

: is added a solution of 0.005 ml. of K-(2-bromo-propanoyl)-2- 
proline t-butyl ester and the mixture is stirred at room 

1 temperature for 5 hours and then refluxed for another 20 hours. 

* The mixture is then cooled to room temperature and the precipitated 
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sodium bromide is rem ved by filtration. Ethyl acetate is 
then added to the rganic phase, which is then -wash d with 
water. It is then dried over anhydr us sodium sulfate, 
filtered and tKe solvents are remov d with a rotffry evap- 
5 orator. The protecting group, t-butyl ester, is then 

.removed by treatment with tri fluoroacetic acid in the pres- 
ence of anisole to yield the desired product. 

Example 720' 

. Synthesis :oP«-t2-(^-carboyy-3-0henyl^ropylt)xy)'-3- 
10 penta fluorophetiyl 1 -propanoyl ] -t -proli ne 

Using the procedure just described in Example 719, the 
named compound is prepared from the reactants 2-hydroxy-4- 
phenyl-butanoic-t-butyl ester and 2-bromo-3-pentafluoro- 
phenylpropanoyl-L-proline-t-butylester. 
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txatoole' *TT\ 
Synthesis oT *N-t3y(:1 -c'artoxVe1rtryittTiy)'--2-l)- * 
methvlpr panoyll-t-brollne .' 
0.25 mm lea of 3-mercapto-2-D-methylpropanoyl-L -proline, 
0,28 mmoles of 2-bromoprop*anoic acid and 0.16 wool * of 

K 2 C0 3 WCre added to 0,6 * ral# ° f 8 50:50 raixture of absolute 
ethanol and water. The suspension was stirred overnight at 
room temperature. 0.25 mmoles of K 2 C0 3 in 0.15 ml of water 
was then added and the reaction mixture was stirred for an 
additional 24 hours. This mixture was then acidified to pH 
2.0 with HC1 and the product was extracted with ethyl ace- 
tate. The organic phase was washed with saturated NaCl. 
The product appearedto be pure and behaved as a single sub- 
stance on thin layer chromatography in two separate solvent 
systems. The ethyl acetate phase was dried over anhydrous 
MgSO^ and the. solvent was removed with a rotary evaporator 
to yield the named compound as a colorless oil. 

Example -722 

Synthesis of N-(1 -thi oca r bo nyl -3 -phenyl propyl )-L- 
al a nyl -V-p roll ne 

A solution of 0.15 mmoles of 2-keto-4-phenyl butyric 

r 

acid plus 0.15 mmoles of thiophenol in redistilled chloroform 
is cooled to -5Q°C in an acetone-dry ice bath. To this 
solution is added ^0.1 5 mmoles of a precooled solution of 
dicyclohexylcarbodiimide (0CC) in chloroform and the mixture 
is stirred at -50°C for 1 hour. The reaction mixture is 
slowly warmed 'to room temperature and stirred for an addition 
al 2 hours and then stirred at 4°C overnight.- The mixture is 
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filtered t rem ve dicyclohexylure'a, then led in an ice 
bath. Th organic phase is washed with cold water, cold IN 
MaHCOj and finally with cold saturated NaCl. The organl 
phase is dried vsr anhydrous MgSO^ and filtered* - The 
5 solvent la removed with a rotary evaporator yielding the 
thiophenyl eater of 2-Keto-4-phen)&utyric acid. 

A solution of 40 ancles of L-Ala-L-Pro and 200 mmoles 
of the product above in absolute ethanol is stirred with 
powdered molecular sieves at roonutemperature for 1/2 hour. 
10 A solutloa-of 40 mmoles of sodium cyanoborohydride in 

ethanol is then slowly added over the course of six hours. 
The reaction mixture is filtered and the solvent removed 
with a rotary evaporator to yield the named product. The 
thio acid may be formed by removing the thiophenyl group • 
15 of the thiophenyl ester with NaSH. 

Example" 723' * 
Synthesis of N-t3-(1-carbox'yl'-3-methylpentyl -> 
thio) -2-roethyrpropanoylT-L-proline 

2-mercapto-4-methylhexanoic acid ethyl ester is pre- 
20 pared from the corresponding 2-hydroxy compound according to 
Erlenroeyer (Ber. 36) .2720 (1903). 

20 mmoles of methacryloyl chloride is added with 
- vigorous stirring to a solution, of 20 mmoles of L-prolioe in 
.a mixture of water and sodium bicarbonate chilled in an ice 
25 water bath.' The mixture J. s then stirred at room temperature 
for 2 hours and then extracted with ether. The aqueous phase 
is aerified with 1NHC1 and extracted with ethyl acetate. 
The organic phase is concentrated to dryness in vacuo. A 
suspension of .10 ramolas nf the residue and 10 mmoles of 2- 
30 mercapto-4-methylhexanoic -acid ethyl ester in toluene is 

refluxed for several hour 8 until the reaction is essentially 
completed 88 indicated by thin layer chromatography. The 
mixture is stored overnight at room 
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temperature* 5 lvent is removed with a rotary evaporator 
yielding th ethyl .ester .of the named product.' If the 
free acid is desir d, the ester produ t is saponified Kith 
NaOH to form the sodium salt of the named products The 
named product -is obtained by acidifying the sodium salt with 
one equivalent of HC1." - 

Example 724' .* 

. Synthesis of N>[2^(i-oarboxyi;-2-t)hBnylettylthio)^ 

. 3 -p h en yl p t o pantoyl 3 -L-frr ol i ne' * 
Phenylalanine (8g.) in 310 ml. of 48S HBr at -5°C is 
reacted with a cold, solution, of 10 g.NaNO^ in 20 ml. of H^O 
at 5°C for 30 rinutes substantially as described by 
Yankeelov and Jolley (Biochemistry 11, 159 [1972))to yield 
the a-Br derivative. Th&tr.is, Br replaces the amino group. 
The product {15 mmoles) is reacted with 15 mmoles of the * 
ethyl ester of 2-mercapto-3-phenylpropandic acid in a mixture 
of ethanol and water containing K^CO^. The mixture is stirred 
until the reaction is complete as judged by thin layer 
chromatography. The solvent is removed with a rotary 
evaporator.. 15 mmoles of this product and 15 mmoles' of N- 
hydfoxysuccininide is dissolved in dimethyl forma made (0MF) 
and cooled to 0°C in an Ice-a-cetone bath. 15 mmoles of di- 
cyclocarbodiimide (DCC) in DMF is added dropwise and the 
mixture stirred at : 0°C,*for 30 minutes and at *4°C. overnight. 
Crystalline dicyclohexylurea is removed by filtration. The 
solvent from the filtrate is removed under reduced' pressure. 
The' resulting product is dissolved in cold tetrahydrofuran 
(THF) and then this solution is added to a cold solution of 
15 mmoles of L-Pro and 15 mmoles of NaHCO^ in THF/water. 
The reaction mixture is. stirred overnight at room temperature 
and then, the THF is- removed with a rotary' evaporator. The 
ethyl ester is removed by saponification '-with NaOH to form 
the sodium salt and the named free acid is formed by acidfix- 
cation with HC1. 
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Using an alternative raeth <f, the 1,3,4 -dehydroproline 
analog of this product, is mad . In this m thod, the ethyl 
ester of c-Br-3-phenylpr panoic acid is r acted with 
2-mercapto-3-phenylpropanoic acid. The resulting compound is 
converted into its N-hydroxysuccinimide active ester as 
described above and then coupled to L-3,4-dehydroproline, 
or the resulting compound is coupled with DCC to L-3,4- 
dehydroproline ethyl ester. In either case, the ethyl ester 
protection is removed by saponification. 

Example 725 ' " 

S ynthesis of 2-Kl -Tcarboxy)-bro&vloxy T-5-aininohexanoyl - 
. L-thioproline jj 

5 mmoles of the compound Pht-NH-(CH 2 ) 4 -CH(0H)-C-0H is 
dissolved in ethyl acetate and cooled to 0°C in an ice-acetone 
bath. 5 mmoles of DCC in EtOAc ia added followed by the 
addition of 5 mmoles of L-thioproline ethyl ester in EtOAc. 
The reaction mixture is stirred overnight at 4°C. The 
reaction mixture is worked-up by the addition of ethyl 
scetate and filtration. The filtrate is washed with satur- 
ated NaGl, 0-1N NaHCOj and finally saturated NaCl.' The 
organic phase is dried -over anhydrous MgS0 4 and the solvent 
removed by a rotary evaporator to yield 

0 .._S W 

J}£e - KH - <CH 2 ) 4 - CE(OH) - C - N LcOOC^. 

5 mmoles ~vf- the ethyl ester of 2-Br-butyric acid is 
added, plus 1 .equivalent of sodium to produce the ether 
compound. The Pht group is removed by hydrazinolysis. The 
ethyl esters are xeooved by saponification with NaOH and 
free acid formed^by acidification with HC1. The named 
product is obtained, by evaporation of solvent or crystalli- 
zation followed by filtration, or decantation. . 
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• Example 726 " 

• Syrtthe'siy 'of 7^^'->Va*rboxy-2-phenylethyl)w 
a mi no p r op a no yl -V-'S-ttBttr-Vrol i7ie* 

60 mmoles -of 3-N-(benzyloxycarbonyl )-aminopropanoic acid 
is dissolved in CH^Cl^' at 0°C. 20 mmoles f N-hydroxy- 
5 succinimide is added and then 20 mmoles of OCC is added drop- 
wise to this mixture. The reaction mixture is stirred for 
30 minutes at 0°C and then overnight at 4°C. Crystalline 
dicyclohex'yiuTea j.s removed by filtration. The solvent fiom 
the filtrate is removed under reduced pressure. The resulting 

10 product is dissolved In cold THF and then the solution is 

added to a cold .solution of 20 mmoles of L-glutamic acid and 
40 mmoles of NaHCO^ in THF/water. The reaction mixture is 
stirred overnight at xoom temperature and then the THF is 
removed with a rotary' evaporator. The glutamyl residue is 

15 cyclized to give the L-5-keto-proline residue according to. 
Gibian H. and Klieger E. , Justus Liebig's Ann . Chemi e. £40 , 
14*5 (1961). The benzyloxycarbonyl group is removed by 
treatment with hydrogenolysis. 

A solution of 40 mmoles of this product and 200 

20 mmoles of 2-keto-3-phenylpropanoic acid t-butyl ester in 
ethanol "is stirred with powdered molecular sieves at 'room 
temperature for 1/2 -hour. A solution of 40 mmoles of sodium 
cyanoborohydride in ethanol is slowly added over the course of 
six hours. The xeactioa mixture is filtered. The t-butyl 

25 ester' is removed by treatment with TFA in anisole. The named 
product is obtained after removal of the sol vent with a 
rotary evaporator* 

Example" 727' * 
Synthesis' of -W-t2-(r-caCrUoyyethylthlo)- 
50 p ro p ano yl'3 -l r -T-1fy d rb xYfr roirne ' 

Into 200 -mmoles of ~2-bromopropionic acid dissolved in 
350 ml. of dry dichloxomethans plus 2 ml. coned. H^SO^ is 
bubbled a stream of 2-methylp'ropene at room temperature for 
1% hours, .and the sealed vessel is stored overnight, to form 
35 the t-butyl ester. .The volume of the solvent 
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is reduced by two-thirds und r reduced pressure* . The 
• residual s lution is diluted in ethyl ether and the organic 
phss is then washed successively with IN sodium bicarbonate, 
and aturated aodiua chloride. The organic phase is dried 
5 over magnesium sulfate and the solution is filtered and the 
solvent is removed at reduced pressure* The t-butyl ester 
is then purified by vacuum distillation* 10 mraoles of the 
product is reacted with 10 mraoles of thirolsctic acid in a 
mixture of ethanol and water containing I^CQ^. The mixture - 

10 is stirred until the reaction, is complete as judged by thin, 
layer chromatography. The solvent Is removed with a rotary 
evaporator. The' residue is dissolved in water and washed 
with ethyl ether. To the aqueous solution is added 25 ml. of 
ethyl ether and* 5 -ml. of ethyl acetate. The mixture is 

15 cooled in an ice bath and then acidified with coned. HC1.* 

The organic phase is separated and washed twice with satura- 
ted sodium chloride and then dried over anhydrous MgSO^ and 
filtered. Solvent is thereupon removed with a rotary .evap- 
orator. 5 mraoles each of the product and N-hydroxysuccinimide 

20 are dissolved in CH^Clg/DMF Oil by volume) and cooled to 
-4°C in an ice-acetone -bath. 5 mraoles of OCC in dichloro- 
methane are added dropwise and the mixture stirred at *-4°C 
- for 30 minutes and at ~+4°C overnight. Crystalline dicyclo- " 
hexylurea is removed by filtration, and the solvent is 

-25 removed from the -filtratB under reduced pressure. The 
residue is dissolved in EtOAc, washed until neutral and 
recovered from"the solvent.- The resulting product is 
dissolved in THF and water 0:1) at room temperature and 
then this solution is added dropwise to 5 mmoles each of 

30% L-3-hydroxyproline and NaHCC^ in. THF/water (1:1) which has 
been prepared by dissolving L-3-hydroxyproline in THF, 
added dropwise, followed by addition of HgO and NaHCO^. 
The reaction mixture is stirred overnight at room temperture 
and then the THF is removed ^ 
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with a rotary evap rator. The t -'butyl ster is removed by . 
treatment -with TFA in anieole to yield the named product.* 

Example. 728 
Synthesis of. N-..(2.-mercaptoisopropyl Ji-L- ; 
5 alanyl— L -proline 

60 mmoles of pyruvic acid is coupled to 60 mmoles of 
L-proline t-butyl ester using 60 mmoles of DCC as described 
in Example 722 to yield N-pyruvoyl -L-proline ethyl ester. 
40 mmoles of this product is reacted with 200 mmoles of 2- 
*jq amino -1 -prop anol in ethanol with stirring in the presence of 
molecular sieves at Toora temperature. A solution of 40 mmoles 
of sodium cyanoborohydride in ethanol is then slowly added 
over the course of 6 hours. The reaction mixture is filter- 
' ed and the' solvent : remov.ed by a -rotary evaporator. The 
15 product, is purified by partition chromatography (Sephadex 
C-25 developed -.with but anol /acetic acid/H 2 Q(4:1 :5). 20 
mmoles of this product is converted to the corresponding 
mercapto compound as- described in Examples 723. The ethyl 
ester is removed by saponification to yield the named 
20 product. 

Example. 129 . 
Synthesis of. -2-r[ 1 -.carboxy-2-phenyl ethoxyj . 
• prop a no y 1— L -pr cilins ■ 
5 mmoles^of -2-hydroxyl-3-phenylpropanoic acid ethyl 
25 ester and 5 mmoles of 2-bromopropanoic acid t-butyl ester 
are reacted in the presence of 1 equivalent -of sodium to 
form the -product* 2-[ (1-ethoxycarbonyl-2-phenyl )-ethoxy]prop- • 
anoic acid t-butyl ester. The t-butyl ester is removed by 
treatment -with -TFA in anisole. The resulting product (5 
30 mmoles) is dissolved in DMF and reacted with 5 mmoles of 
L-proline in the presence of 5 mmoles of DCC as described 
in Example 725. The ethyl ester is removed by saponifies-, 
tlon with ethanollc K0H and the acid formed by acidification- 
-5 with HC1 yielding the named product.* . 
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• Example 730 ' * 
• N ^2-(t3tt t ahydro'>y>methyl-2-Turanone-3>t1iib^ ; 
p rop'a no yll -L- p roll ne 

A aolotion. of 1/52. ml. (0.011 mole) of anhydr us K 2 CU 3 
in 3 ml. of water was added dropwise to a a lution of 1.88 
grama (0.0105 mole) of o-bromo-iT-valerolactone and 1*06 gm 
(0.01 molea) of thiolactic acid in 3 ml. of abaolute • 
alcohol with stirring and cooling in an ice-acetone bath. 
The cooling bath Has removed SHinufees after complete 
addition of the' bicarbonate solution. The mixture was 
stirred at room-temperature overnight and 20 ml. of water 
was added. It was then, washed 3 times with diethyl ether, 
cooled in an ice bath, acidified with 1.0 ml. tif concentrated 
HC1 and extracted three times with 10 ml. of diethyl ether. 
The combined organic phase *was washed 3 times with aqueous 
saturated NaCl, dried over anhydrous MgSO^ and filtered. 
Solvent was removed with a rotary evaporator. The product 
was a light yellow oily residue in a yield of 1.77 gm- 

It showed, upon infrared examination in chloroform, a 
strong, broad carbonyl band of the C00H group at 1720 cm" , 
a very strong, sharp* carbonyl band characteristic of lactone 
at 1768 cm" 1 , a strong, .sharp , lactone ester band at *1178 cm 
and there was also absorption between 2400 and 2800 cm" • 

The crude .pToduct was dissolved in 4 ml. of dichloro- 
ethane with cooling -in an ice-acatone bath. There was added 
0.997 grams (tOD087 moles) of hydroxy succinimide in 2 ml. 
of dimethyl f or maraide with continued cooling, followed by 
addition of 1.969 grams (.0087 moles and 103 excess) of di- 
cyclbhexylcarbodiimide dissolved in. 4 ml* of dichloroethane. , 
The mixture was stirred in the ice-acetone bath for 30 minutes 
and then stirred at-4°C overnight. Dicyclohexylurea (1.78g.) 
was removed by filtration and washed with ethyl acetate 
(20 ml.) and diethyl ether (10 ml.*). The remaining organic 
phase was washed twice with IN sodium bicarbonate and twice * 
with saturated NaCl and dried _ m 
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over anhydrous MgS0 4 and filtered. The 5 Ivent was then 
removed under high vacuus to give 2.62 g. fa light, oily 
residue. 

450 ag. (1.5 aaoles) of the crude oily residue in 1 ml. 
of dioxane was added to a solution f 1.72 mg. (0.55 amoles) 
of L-proline and 146 mg. (1.5 mmoles) of NaHCO^ in 1 ml. of 
water and the mixture was stirred at room temperature for 30 
minutes. 0.5 al. of dioxane was then added, and the mixture 
was stirred at roos temperature overnight. The reaction being 
then incomplete, 2 al. of dioxane and 1 ml. of water were added 
and the mixture was stirred for an additional 24 hours. 10 al. 
of water and 1 ml. of 111 sodium bicarbonate were then added and 
the mixture was extracted four times with 2 ml. of diethyl 
ether. 10 al. of ethyl acetate was then added and the mixture 
cooled in an ice bath and acidified with concentrated HC1 to 
pH2. The aqueous phase was extracted three times with 5 ml . of 
water and the combined organic phase was washed 3 times with 1 
ml. water and twice with saturated NaCl solution. The organic 
phase was dried over anhydrous MgS0 A and filtered and the 
solvent removed under high vacuum yielding 313 ag. of a thick 
oily residue. After purification by Sephadex .LH-20 column 
chromatography (1.2 x 97.5 cm.) and repurification by the 
same system the .product ±3 chloroform solution was examined 
by infrared. It retained the strong, sharp ester band of 
lactone at 1181 cm" 1 , shoved a new strong, sharp amide carbonyl 
band at 1640 cm" 1 , the carbonyl band of the carboxyl group 
appeared as a shoulder at 1722 cm" 1 , a very strong, sharp 
carbonyl band of lactone appeared at 1760 cm* 1 and C00H 
absorption appeared between 2400 and 2800 cm" 1 . The product 
was subjected aloo to paper electrophoresis at pH2 and 5 
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ExAsmle 731 

(l-carboxyl-3-hydroxybutylthio)-propan yl-L-proline 
The product of Example 730 (0.5 maole) is contacted with a 
molar excess (0.8 mmole) ethanolic K0H for 3 hours. Ethanol is 
removed with a rotary evaporator. 5 al. of ethyl acetate and 1 
ml. of water is added and the mixture is cooled. It is then 
acidified with concentrated HC1 to pH2, washed twice with water 
and 3 times with saturated salt solution, dried over anhydrous 
MgSO^, and filtered. The solvent is then removed with a rotary 
evaporator and the product is then subjected to thin layer 
chromatography. 

Example 732 

(l-carboxyl-3-acetyloxybutylthio) -propanoyl-L-proline 
The product of Example 731(0-5 m. mole) is dissolved in 1 ml. 
of pyridine and reacted with acetic anhydride (0.75) moles. 

i 

Completion of the reaction is determined by thin layer 
chromatography. 

Example 733 

Synthesis of N-[ (l-carboxy-2-benzyloxy) ethyl] -alanyl-L- 
proline . 

N-pyruvoyl-L-proline f 50 mmoles, (prepared as described in 

Example 728 is reacted with 10 mmoles of the ethyl ester of 

0-benzyl-serine in -ethanol with stirring in the presence of 

molecular sieves at room temperature. A solution of 10 mmoles 

of sodium cyanoborohydride in ethanol is added slowly over 

5 hours. The reaction mixture is filtered and the solvent of 

the filtrate removed by a rotary evaporator. The product is 

purified by conventional column chromatography techniques. The 

ethyl ester group is removed by saponification to yield the 

named compound. 
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Exanples 714.7^ 1 
By substituting the ethyl ester of O-benzyl-serine in 
Example 733 vith the ethyl ester f each reactant compound 
listed in the Table, a series f anal gs are formed of the 
general f orsula : 



IU CH, 0 

I H J J || 

HC - N - CH - C 

I 



n 

N C 



COOH 



COOEt 

vherein R^ is as show in the table. The ethyl ester is 
converted to free acid, if desired, by saponification in each 
instance. 

Teble 



Exanple No. Reactant 

735 Ethyl ester of 0-aethyl- 
serir.e 

736 Ethyl ester of 0- ethyl - 
serine 



737 

738 

739 
740 

741 
742 

743 



CH 3 0CH 2 - 



CH3CH2OCH2- 



Ethyl aster of 0-tsrjjt>utyl- CH3- I — 0CH 2 - 



Ethyl ester of H-6-Boc- 
omithine 

Ethyl ester ox N-e-3oe- 
lysine 

Ethyl ester of M-riCbo- 
lyeine 

Ethyl ester of 0-benzyl 
threonine 



Ethyl ester of 0- ethyl - 
threonine 



Ethyl ester of 0-t-butyl- 
threonine 



Z&2 
H 

Boc-N- (CH 2 ) 3 - 
H 

Boc-N- (CH 2 ) A - 
H 

Cbo-N-(CH 2 ) 4 - 

0CH 2 $ 
CH 3 -CH- 

I 2 5 
CH 3 -CH- 



^ L 



CH 



1 



-C-(CH 3 ) 3 
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Table (eont.) 
Exaaole No. Reactant £l 



744 



745 



749 
750 
751 



. CI 



Ethyl ester of 0-benzyl $CR 2 6 
tyrosine 



CH 



0 ~ 

Ethyl ester of O-sethyl CH 3 0^ f**-f 

tyrosine 



746 E^hyl ester of 0-ethyl CH 3 CH 2 0$CH 2 - 
tyrosine 

747 Ethyl ester of 0-t.butyl (CH 3 ) 3 -C-0-$CH 2 - 
tyrosine 

748 Ethyl ester of S-benzyl $CH 2 S-CH2- 
cysteine 



Ethyl ester of S-aethyl CH 3 S-CH 2 - 
cysteine 

Ethyl ester of S-ethyl CH 3 CE 2 -S-CH 2 - 
cysteine 

Ethyl ester of S-scetyl (CH 3 ) 2 - C - 
penicillamine I 



S-C-CHo 

II 3 
0 



Example 752 

The products of Examples733 and737 are each converted by 
treatment with anhydrous ET in the presence of anisole so 
that R± of the formula of Example734 becomes HOCH2. 

By thz same treatment the product of Exainple738 is converted 
so that Rj thereof is NK 2 (CH 2 ) 3 - f the product of Exainples742 
and743 are converted to a product in which R^ becomes 
OH 

CH 3 - CH and the products of Examples744 and7« are each 



converted to a product in which R x ia \L>y • ****", 



Example 753 
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Synthesis of N-f (1.3-dicarboxv)pr opyl1-AlanYl-Proline 
A solution £ 50 ram les of the diethyl ester f o-keto- 



minutes. A solution of sodium cyanoborohydride, 10 mmoles, 
in ethanol is added slowly over the next 5 hours. The mixture 
is filtered, and the solvent of the filtrate is removed with a 
rotary evaporator. The residue is dissolved in 607. acetic 
acid, and the solution is extracted twice with ethyl acetate. 
The solvent of the aqueous phase is removed by freeze-drying. 
The product is obtained by partition column chromatography 
[butanol/ acetic acid/H 2 0 (4:1:5 by vol.)]. The named compound 
is obtained by removing the ethyl ester protecting groups by 
saponification. 



Synthesis of N- [2- (dicarboxyethylthio) -butyl] -4-keto-L- At 
proline ^ £r'< 

The acid chloride of 2-bromo-butyric acid t 10 moles, and 

2M NaOH, are separately added dropwise over 30 minutes to a 

solution of L-4-keto-proline. 10 amoles, in 1 H KaOH: all at 

0°C. The reaction is then stirred at room temperature for 

3 1/2 hours. The mixture is cooled to 0°C and then acidified 
with cold concentrated i^SCU to pH 2. The mixture is extracted 

4 times with ethyl acetate. The ethyl acetate extracts are 
pooled, and the resulting solution is extracted with 10 raol 
of NaHC0 3 in H 2 0. The aqueous phase is extracted several 
times with ethyl acetate and then is acidified with concentrated 
HC1 in the presence of fresh ethyl acetate. The organic 
solution is washed with saturated NaCl and then dried over 
anhydrous MgSO^. After filtration, solvent is removed under 
high vacuum. The residue is dissolved in ethanol and is 



glutaric acid and 10 maoles of L-Ala-L-Pr in ethan 1 is stirred 
with powdered mol cular sieves at room temperature for 30 
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sodiun eth xide as base; all at 0*C. The mixture is stirred 

-under I?2 f r 10 minutes at 0 # C and then at room temperature 
overnight. S lvent is removed with a r tary evap rat r. The 
residue is dissolved in H 2 0, and th s lution is extracted 
vith diethyl ther. The aqueous solution is acidified t pH 2 
vith concentrated HC1 and the product is extracted into ethyl 
acetate. The ethyl acetate phase is washed with saturated 
Had and then dried over anhydrous l^gSO^. After filtration, 
solvent is removed under reduced pressure. The named • compound 
is obtained by partition colurn chromatography (Sephadex G-25 
equilibrated and developed with butanol /acetic acid/^O 
[4:1:5]). 

Example 755 

Synthesis of N-[ (l-carboxy-2-phenyl) ethyl] -alanyl-L- 
proline thio acid 

Proline thiophenyl ester, 40 xzmoles, is coupled to pyruvic 

acid, 40 caoles; using the BCC coupling procedure of Examples 

'22and724to yield N-pyruvoyl-L-proline thiophenyl ester. L- 

Phenylalanine, 5 mmoles, and N-pyruvoyl-L-proline thiophenyl 

ester, 20 moles, are stirred in ethanol with molecular sieves 

at room temperature for 30 minutes. Sodium cyanoborohydride, 

5 moles, is added slowly over 6 hours. The molecular sieves 

are removed by filtration, and the solvent of the filtrate is 

removed under reduced pressure. The benzoyl group of the 

thiophenyl ester is removed with NaSH in ethanol, under 1*2. to 

yield the named compound. 

Example 75 6 

Synthesis of N-(l-»amido-isopropyl)-alanyl-L-proline 
H-pyruvoyl-^L- proline is prepared by the DCC coupling 
method of Examples722and724. Leucine amide, 5 moles, and 
N-pyruvoyl-L- proline, 25 nnoles, are stirred in ethanol with 
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After filtration, the solvent f the filtrate is removed under 
reduced pressure. The named compound is obtained by 
chromatography on LH-20 equilibrated and developed with 67. 
butanol. 

Example 757 

Synthesis of N-I (l-carboxy-2-phenyl) ethyl] -alanyl-L- 
proline amide 

N-pyruvoyl'-L-proline amide is preparec^by coupling 20 

mmoles of pyruvic acid and 20 mmoles of L-proline amide 

essentially as described in Example722. L-?henylalanine, 

5 mmoles, and N-pyruvoyl-L-proline amide, 20 mmoles, in 

tetrahydrofuran are stirred with molecular sieves for 30 

minutes end then sodium cyanoborohydride, 5 mmoles, is added 

slowly over- 6 hours. After filtration, solvent is removed from 

the filtrate. The ethyl ester is removed by saponification to 

yield- the named compound. 

Example 75S 

Synthesis of N-[2-(l-carbcxy-2-phenylethylthio)-3- 
benzyloxypropanoyl] -L-proline 

0-Benzyl-serine is converted to 2 bromo-3-benzyloxy- 
propanoic acid by the bronination technique described by 
Testa et al. (Helv. Chim. Acta 46, 766, 1963). 

This compound is-converted into its H-hydroxysuccinimide 
ester according to the method of Example 72 4and is coupled to 
L-proline-t-butyl-ester as is also described in Example 724. 
This method will not work f^r dehydroproline. 

The resulting product is then reacted with 2-mercapto-3- 
phenylpropanoic acid essentially as described in Example 724. 
The t-butyl ester is removed by treatment with trifluoro- 
acetic acid in the presence of anisole to yield the named 
compound. 
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Exacples 759-7 63 

By substituting one f the reactants f the following 

Table f r O-benzyl-serine in Ex am p le 7 5 8, a series of analogs is 

obtained in which R3 is as shown: 

CH-S-CH-C - N LcooH '"'M 

I * 

COOK 

Table 

Exaaple Reaetant R3. 



759 



O-nethyl- serine CH3O-CH2 



760 

0- ethyl- serine C2H5O-CH2 

761 O-benzyl- threonine $CH2 0 | H " 

CH 3 

762 0-methyl- threonine CH3O-CH- 

CH 3 

7g 3 0- ethyl -threonine C2H5-O-CH- 

CH 3 

Example 764 

The compound synthesized in each of Example 758 and 
Example 761 by treatment with anhydrous HF in the presence 
of anisole, converted to compounds in vhich R3 is respectively At 
either H0CH 2 - or HOCK-. 

CK3 



Example 76 5 

• By the methods described in United States Patent No. 
4,204,991, the serine based compounds of Examples 759-760 are 
converted into the corresponding dehydro-alanine analogs, and 

the threonine based compounds of Examples761-763are converted 

*> / j-v.-j — ■* — --^j — * ' •* 
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By reacting the 2-brQoo comp unds produced in the second 
step of ach of Exacples758-763 inclusive with 2-hydrcxy-3- 
phenylpropanoic acid ethyl ester in the presence of 1 equivalent 
of sodium, analogs of the comp unds of each of Examples 758-763 
are forced in which the thioether linkage is replaced with an 
ether, oxygen. 

Example 767 

SynthTsis of N- (1- ethoxy carbonyl ethyl ) -L-alanyl -L-prol ine 
N-pyr^yoyl-L-proline, 50 mmoles (prepared as per Example 
is reacted with 10 mmoles of the ethyl ester of alanine and then 
with 10 mmoles of sodium cyanoborohydride according to the 
method of Example 7.33 . The product is recovered and purified 
as described in Example 733. 

Example 76 8 

The inhibitory potency of several compounds in vitro was 
measured in the following assay. The Ijg values are reported 
in Table 1. Euaan plasma ACE was assayed in 0.05 M Hepes 
buffer, pH 8.0 containing 011 M KaCl and 0.75 M ^SO^. 
The substrate employed was hi?puryl-His-Leu at a final 
concentration of 1 x 10* 4 K, (Km - 2 x 10~ 4 M) , together 
with about 130,000 cpm/50 }il of [ 3 H]hippuryl-His-Leu (25 
Ci/rzmole). Enzyme was diluted in the above buffer such that 
40 ul of buffered ensyae was C3?able of hydrolyring 137. of 
substrate in a 15 minute incubation at 37 °C. To initiate 
the assay, AO jil of enzyme and 10 jil of buffer or inhibitor 
dissolved in buffer were preincubated for two minutes at 
37°C. Substrate, 50 jil, was then added to initiate reaction 
and the solution was incubated for 15 minutes at 37 °C. To 
terminate the reaction, 1 ml of 0:1 M HC1 was added, following 
which 1 ml of ethyl acetate was added. The mixture was 
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- 144 - 

An aliquot, 500 ul. f th ethyl acetate lay r was 
traoaf rred to a liquid scintillation vial containing .10 ml 
ofRiafluor, trademark New England Nuclear Corp rati n, Boston 
Massachuaetts. T r determination f I 5Q values, enzyme 
activity in the presence of inhibitor at a series of differe 
concentrations was compared to activity in the absence of 
inhibitor. A plot of log inhibitor concentration versus per 
cent inhibition yielded the I 5(J value; the concentration of 
inhibitor required to reduce enzyinic activity by 50%. 

Table 1 

Compound I 5Q 
N-&-(1-carboxyethylthio)-2-D- 5.5 x 10 ~ 6 M 

methylpropanoyl]-L-proline 

N-[2-(1-carboxy-3-hydroxy-butylthio)- 3 x 10-" M 

propanoyl]-L-proline 

N-[.2-(tetrahydro-5-methyl-2-furanone- 1.3 x 10" M 
3-thio)-propanoyl ]-L -proline 

N-(1-carboxyethyl)-L-alanyl-L-proline B x 10" M 

(Known Compound) 

N-(1-ethoxycarbonyl ethyl )-L-alanyl- 

L-proline 6 x 10" 8 M 

N-[2-(1-carboxyethylthio)-propanoyJ3-L- 

proline 4 x 10 " ?M 

Example 769 • 

Intravenous EfTectiv-eness of N-[3-'( 1-carboxvethy l-■ 
thio) -2-D-methYlpropanoyl 1-L-proline' - 
Rats (190-290 g body weight) were fasted overnight and 
then anesthetized with intraperitoneal pentobarbital, 50-60 
mg/kg. Tracheostomy was performed and the animals were 
ventilated mechanically. A cannula was inserted into a 
femoral vein for injection of angiotensin I, and a second 
cannula was inserted into a common carotid artery for 
direct measurement of arterial blood pressure. Heparin, 
1,000 units, was injected via the femoral vein to prevent 
coagulation. Blood pressure was measured with a pressure 
transducer connected to a polygraph. The rats were injected 
with 400 ng/rol of angiotensin I in 20 pi 
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of 0.9 g X NaCl; an amount of angi tensin I sufficient to raise 
mean arterial bl od pressure by appr xinately 40 bed Hg. 
After the responsiveness of a given rat t angi tensin I was 
established, the named com? und at 20 jjmole/kg (drug dissolved 
in 0.15 ml of H2O plus 10 jil of 1 N NaHC0 3 ), was given 
intravenously. At timed intervals, the effects of 400 ng/kg 
of angiotensin I on mean arterial blood pressure were tested. 
Results are shown below: 

Time After IV Blood Pressure Reponse to 
Administration 400 ng/kg of Angiotensin I 
(minutes) (7. of Control) 



-5 100% (40 mmHg) 

+2 67.5 
8 62.5 
15 37.5 
21 37.5 

While the invention has been described in connection with 
specific embodiments thereof, it will be understood that it is 
capable of further modifications and this application is intended 
to cover any variations, uses, or adaptations of the invention 
following, in general, the principles of the invention and 
including such departures from the present disclosure as come 
iithin known or customary practice within the art to which the 
invention pertains and as siay be applied to the essential 
fixtures hereinbefore set forth, and as fall within the scope 
of .:he appended claims. 



